
Predicting Biopterin Responsive Cases by Studying Phenylalanine 
Hydroxylase Mutations in Children Diagnosed with Phenylketonuria 
in Syria

Abstract
Aim: Phenylketonuria occurs in patients with phenylalanine 
hydroxylase deficiency, and some mutations are responsive to 
Biopterin (BH4) therapy, which reduces the need for the use of 
hydrolysates and diet foods. This study describes the clinical and 
genetic features of 35 independent, authentic Syrian cases, in 
order to identify the dominant genotypes and predict response to 
BH4.

Methodology: A prospective study of a population of patients 
diagnosed with phenylketonuria and those attending the Metabolic 
Clinic at Children's University Hospital in Damascus. The study of 
the phenylalanine hydroxylase gene was conducted in the Atomic 
Energy Authority in the Syrian Arab Republic, and the clinical 
classification and predicting Phenotype was carried out according 
to the Guldberg classification and BioPKU database.

Results: The study included 35 cases of phenylalanine hydroxylase 
deficiency, 65% had a classic pattern. We Identified 16 different 
mutations, 75.6% missense, 33.4% splice, 9% frameshift. The 
most frequent mutations were p.R261Q (12.6%) then p.R243Q, 
p.F55>Lfs, and IVS2+5G>C in 8.75% each. Some rare mutations 
were found in pS310F, Y387H, IVS9+G>A, and p.D151G, the latter 
of which the database did not provide information on.

The genotype-phenotype correlation was positive in 80.3%, 
response to biopterin was probable in 22.9% of cases.

Conclusion: The diagnosis of the genotype is an important step 
that allows for directing treatment and predicting future prognosis 
for PKU patients.

Introduction
Phenylalanine Hydroxylase (PAH) masters the metabolism of 
Phenylalanine (Phe) to tyrosine in the presence of the molecular 
oxygen and cofactor tetrahydrobiopterin (BH4) [1,2]. PHA 
deficiency causes Phenylketonuria (PKU). PKU is an autosomal 
recessive disease that manifests with neurological symptoms 
with varying degrees, including psychomotor delay, mental delay, 
convulsions, decreased growth and microcephaly, sometimes 
accompanied by digestive symptoms such as nausea and 
vomiting, and skin symptoms such as eczema and pale skin [3,4]. 
PKU Treatment depends on the restriction of dietary resources 
of Phe with or without Biopterin (BH4) administration that has 
varying degrees of response [5].

In general, individuals who maintain levels of Phe in the range 
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of (300 to 600) μmol/L ((5 to 10) mg/ dl) on a normal diet are 
classified as having Mild Hyperphenylalaninemia (MHP). These 
individuals generally do not need diet therapy [5].

The gene encoding human PAH is located on chromosome 
12q23.2 and contains 13 exons and 12 introns of 90 kb size [6].

More than 1000 mutations have been published in the PAH 
database www.pahdb.mcgill.ca with most families carrying 
compound heterozygote mutations for two different mutant 
alleles [7].

The diversity of phenotypes shows that significant heterogeneity 
in the mutant alleles is behind the occurrence of phenylketonuria 
and the associated forms of hyperphenylalaninemia [1]. The 
genotype phenotype correlation has been announced in some 
European peoples they are of Middle Eastern origin, but there are 
few reports from the Middle East, including Egypt, Israel, Morocco, 
Tunisia [8–11].

The structure and activity of the PAH varies according to the 
mutation type (missense, nonsense, splice site, small or large 
insertions and deletions) and the position (regulatory, catalytic, 
or tetramerization domain). The activity of mutant protein ranges 
from 0% to almost 100% compared to normal PAH enzyme Waters 
et al. 1998 [12].

There is 4 enzymes recycle BH4, the cofactor of PAH, which is 
also the cofactor for both tyrosine hydroxylase and tryptophan 
hydroxylase, the defect of BH4 cycle leads to the deficiency of 
serotonin and dopamine in addition to hyperphenylalanine and 
neurological deterioration occurs regardless of phenylalanine 
levels and application Diet Therefore, conditions associated 
with biopterin metabolism are described as Malignant PKU or 
Malignant HPA (mgHPA) [7,13].

Tetrahydrobiopterin (BH4) trial is becoming a valid option for 
the dietary treatment of PKU It relies on the observation that 
pharmacological doses of BH4 can reduce Phe levels Kure et al. 
1999 [14], “BH4- sensitive PKU”.

Many studies analyzed the correlation of genotype and patient’s 
responsiveness to BH4 and made an attempt to predict the BH4-
responsiveness on the basis of genotype as Zurfluh et al. 2008 
[15]; Karacic et al. 2009 [16]; Rivera et al. 2011[17]; Sterl et al. 2012 
[18].

Actually, BH4 loading test is the definitive diagnostic test for 
cofactor sensibility. BH4-responsiveness is defined as the 
response to the oral administration of BH4 ((10 to 20) mg/kg body 
weight) by lowering their blood Phe levels by at least 30% within 
8 hr to 24 hr [13]. However, estimation based on genotyping is 
important to know if the frequency of BH4 responsive mutations 
in a population is high enough to consider BH4 in their treatment 
policy.

This study describes the clinical and genetic features of 35 

independent, authentic Syrian cases, in order to update genotype-
phenotype correlation and predict the response to BH4.

Patients and Methods
This study included all PKU patients followed in the Metabolic 
Clinic at Children's University Hospital in Damascus. Out of 101 
families that were contacted only 41 patients from unrelated 
families of Syrian nationality had responded. Sample collection 
lasted for 28 months until the end of 2012. Information was 
collected (phe) level before starting the diet. In the event that there 
is more than one case in the family, the analysis was performed 
for one individual only.

PAH gene was studied in the laboratory of the Atomic Energy 
Authority in the Syrian Arab Republic, for the six most common 
mutations p.E280K, IVS10-11GNA, p.P281L, IVS11+1GNC, 
p.R26Q, p.S310F and In case of negativity, a study was conducted 
to study the PAH gene sequence using RFLP and Gene Sequencing 
technology.

The diagnosis of PHA deficiency was based on the presence of 
a confirmed mutation in the PHA gene, and the negative cases 
were excluded as these cases must be studied for a defect in the 
metabolism of BH4 cofactor [7].

Clinical classification of patients according to the level of 
phenylalanine elevation before treatment and estimation of the 
nutritional tolerance of phenylalanine from the food intake was 
performed into four groups according to Guldberg et al. [19], 
classical phenylketonuria (cPKU), Phe level > 1200 µmol/l with 
Phe tolerance Diet (250 to 350) mg/day, metabolic activity < 1%, 
moderate (mPKU): Phe level 600 μmol/L–1200 μmol/L with a 
dietary Phe tolerance of (350 to 400) mg/dL/day and metabolic 
activity 1% to 5%, mild (miPKU) Phe level between (369 to 600) 
µmol/l with afferent Phe tolerance between (400 to 600) mg/day, 
enzymatic activity > 5% and Mild Hyperphenylalanineemia (MHP) 
with Phe less than 360 µmol/l with normal dietary efficacy.

The Guldberg et al. [19] system was adopted in the clinical 
phenotype classification so that when two mutations were 
identified, each of them was given an Arbitrary Value (AV): AV = 1 
for the classic cPKU mutation, AV = 2 for the mild mPKU mutation, 
AV = 4 for the mild miPKU, and AV = 8 for the hyperphenylalanine 
mutation MHP.

In the case of a combined heterozygous resulting from the 
meeting of two different mutant alleles, AV is the result of the 
addition of two mutations. The less severe mutation determines 
the patient's morphology, and two mutations of the same severity 
will cause a milder morphology than if one of them were alone 
in the homozygous form. The nonsense, frame shit and splice-
site mutations were considered as Null mutations [19]. The Allelic 
Phenotype Values (APV) was calculated based Biopku db (http://
www.biopku.org) assigned APVs [0 = classic PKU; 5 = mild PKU; 
10 = mild hyperphenylalaninaemia]. The Genotypic Phenotype 
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Values (GPVs) were set equal to the higher-APV allele, which 
was assumed to be dominant over the lower-APV allele and to 
determine the metabolic phenotype. GPVs for 8872 patients 
resulted in cut-off ranges of 0.0 to 2.7 for classic PKU, 2.8 to 6.6 
for mild PKU and 6.7 to 10.0 for mild hyperphenylalaninaemia. 
(Sven F.AVP article) Biopku db has recorded 1282 mutations, 
the site were finally updated on June 06, 2021. The expected 
phenotype in each mutation was compared to the most important 
studies: Bercovich et al. [20], Danielle et al. [21], Mallolas et al. [22] 
and Santos et al. [23].

Estimated BH4 responsiveness
Estimated BH4 responsiveness of each mutation as a categorical 
variable (NR: Non-Responsive; R: Responsive; UNC: Uncertain; 
UNK: Unknown) was based on the work of Zurfluh et al. 2008 
[18], and as indicated when analyzing the BIOPKU database 
(http://www.biopku.org). A mutation was considered by Zurfluh et 
al. (2008) [18] as associated with BH4‐responsiveness if it was 
present either in homozygosis or in compound heterozygosis 
with a known null mutation in patients that were classified as 
BH4‐responsive-response to the oral administration of BH4. In the 
BioPKU db, the indication of BH4‐responsiveness of a mutation 
was taken into account when the majority of listed patients 
carrying it either in homozygosis or in compound heterozygosis 
with a known null mutation was classified as BH4‐responsive 
[24,25].

Results
Out of the 82 studied alleles 75 mutant alleles were identified, we 
obtained the genotype for only 35 patients (19 F, 16 M) the other 6 

cases was negative for PHA gene mutation and must be studied 
in order to exclude one of the deficiencies of the metabolism of 
BH4 coenzyme, which is not available in the country.

The mean Phe values before the start of the diet was 1448 µmol/L 
(STDV = 429), 23 (65.7%) were cPKU and 12 (34.3%) mPKU. 3d 
degree Parental consanguinity was found in 42.2% of studied 
families.

We have diagnosed 16 different alleles mutations, 5 mutations 
found in the seventh exon, 38/66 (75.6%) of the muted alleles was 
missense mutation, 22/66 (33.4%) was splice mutation and 6/66 
(9%) was frame shift (Table 1), the most frequent mutations was 
p.R261Q which was found in 12.86% of the studied alleles and 
p.R243Q in 8.75% as well as p.F55>Lfs and IVS2+5G >C which 
They were found with the same frequency, while the IVS10-11G 
>A, p.P281L and p.R270K mutations were found with a relative 
frequency of 7.14% and IVS4+5G>T, p.S310F and p.P.E280 were 
found in 5.72%, and IVS9+5G>A had 4.29% While other mutations 
were found in less than 3% of the studied alleles.

All 28/35 of the patients were homozygous. We found 
p.[R261Q];[R261Q] in four cases p.[R243Q];[R243Q] in three, 
p.[F55>Lfs];[p.F55>Lfs] in three and [IVS2+5G>C];[IVS2+5G>C] 
in three patients. 3/35 was compound heterozygote: 
[IVS4+5G>T];[IVS9+5G>A], [IVS4+5G>T];p.[R270K], p.[D151E]; 
[IVS10-11G>A] and 4/35 were heterozygote, they have a 
single mutant allele, two patients p.[R270K];[?] and one patient 
p.[R261Q];[?] and one patient p.[P281L];[?] and these cases needs 
furthermore studies [26] (Table 2).

Table 1: Phenylalanine hydroxylase mutations and their relative frequency in the study and the estimated BH4 responsiveness for each mutation.

Mutation Ex/I Domain No. of alleles
(n = 70)

% Mutation
Type

Estimated BH4 responsiveness

Trivial name Systematic Name Biopku Z

p.R261Q c.782G>A Ex.7 Catalytic 9 12.86 Missense R R

p.F55>Lfs c.165delT Ex.2 Regulatory 6 8.57 Frameshift UNK UNK

p.R243Q c.728G>A Ex.7 Catalytic 6 8.57 Missense UNK UNK

IVS2+5G>C c.168+5G>C I.2 Regulatory 6 8.57 Splice NR UNC

IVS10-11G>A c.1066-11G>A I.10 Catalytic 5 7.14 Splice UNK UNK

p.P281L c.842C>T Ex.7 Catalytic 5 7.14 Missense NR NR

p.R270K c.809G>A Ex.7 Catalytic 5 7.14 Missense NR NR

IVS4+5G>T c.441+5G>T I.4 Regulatory 4 5.72 Splice NR UNC

p.S310F c.929C>T Ex.9 Catalytic 4 5.72 Missense UNK UNK

p.P.E280K c.838G>A Ex.7 Catalytic 4 5.72 Missense UNK UNK

IVS9+5G>A c.969+5G>A I.9 Catalytic 3 4.29 Splice UNK UNK

IVS11+1G>C c.1199+1G>C I.11 Catalytic 2 2.86 Splice UNK UNK

IVS7+1G>A c.842+1G>A I.7 Catalytic 2 2.86 Splice NR UNC

p.Y387H c.1159T>C Ex.11 Catalytic 2 2.86 Missense UNK UNK

p.R408W c.1222T>C Ex.12 Catalytic 2 2.86 Missense NR NR

p.D151E c.453T>A Ex.5 Catalytic 1 1.43 Missense UNK UNK

Total Characterized 66 94.31 100.00

Uncharacterized 4 5.69
AV: Arbitrary Value; cPKU: Classic PKU; mPKU: Moderate PKU; miPKU: Mild PKU; ?: unknown; R: Responsive; NR: Non Responsive;, UNC: uncerten; UNK: 
Unknown.
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Table 2: Genotypes, Phenotype and genotype phenotype correlations.

Genotype Mutation type AV APV* GVP Predictive 
phenotype

N cPKU mPKU (number)

1 p.[R261Q];[R261Q] Missense 4 1.6/1.6 1.6 mPKU/cPKU? 4 3 1 1 / 4

2 p.[R243Q];[R243Q] Missense 2 0/0 0 cPKU 3 1 2 1 / 3

3 p.[F55>Lfs]; p.[F55>Lfs] Frameshift 2 Nf Nf cPKU 3 3 0 3 / 3

4 [IVS2+5G>C];[IVS2+5G>C] Splice 2 0/0 0 cPKU 3 3 0 3 / 3

5 p.[S310F];[S310F] Missense ? 3.3/3.3 3.3 cPKU 2 2 0 2 / 2

6 p.[P281L];[P281L] Missense 2 0/0 0 cPKU 2 1 1 1 / 2

7 [IVS10-11G>A];[IVS10-11G>A] Splise 2 0/0 0 cPKU 2 1 1 1 / 2

8 p.[E280K];[E280K] Missense 2 0/0 0 cPKU 2 1 1 1 / 2

9 p.[Y387H];[Y387H] Missense ? 0/0 0 cPKU 1 1 0 1 / 1

10 p.[R408W];[R408W] Missense 2 0/0 0 cPKU 1 1 0 1 / 1

11 p.[R270K];[R270K] Missense ? 0/0 0 cPKU 1 0 1 0 / 1

12 [IVS9+5G>A];[IVS9+5G>A] Splice 2e 0/0 0 cPKU 1 0 1 0 / 1

13 [IVS7+1G>A];[IVS7+1G>A] Splice 2 0/0 0 cPKU 1 1 0 1 / 1

14 [IVS4+5G>T];[IVS4+5G>T] Splice 2e 0/0 0 cPKU 1 0 1 0 / 1

15 [IVS11+1G>C];[IVS11+1G>C] Splice 2 0/0 0 cPKU 1 1 0 1 / 1

16 p.[R270K];[?] Missence/? ? 0/U ? ? 2 1 1 ?

17 p.[R261Q];[?] Missense/? 2/? 1.6/U ? ? 1 0 1 ?

18 p.[P281L];[?] Missence/? 1/? 0/U ? ? 1 0 1 ?

19 [IVS4+5G>T];[IVS9+5G>A] Splice/splice 2/? 0/0 0 cPKU 1 1 0 1 / 1

20 [IVS4+5G>T];p.[R270K] Splice/missense 2/? 0/0 0 cPKU 1 1 0 1 / 1

21 p.[D151E];[IVS10-11G>A] Missence/splice ?/1 ?/0 ? ? 1 1 0 ?
cPKU: Classic PKU; mPKU: Moderate PKU; miPKU: Mild PKU; ?: Unknown.

The results of the study of phenotypic compatibility with the 
genotype. Based on the data available in the databases in BioPKU 
db (last entry May 3, 2022) and based on the values of AVP for 
each mutant allele or the GVP of the sum of the two mutant alleles, 
we found that most of the mutations and genotypes encountered 
in our study were classified as cPKU-causing mutations (Table 2). 
The genotype allowed predicting phenotype in 17 homozygous 
genotypes encountered in 30 patients, including one homozygous 
genotype (p.R261Q) that was known to be associated with 
moderate form mPKU or cPKU [27]. All are classic mutations. 4 
genotypes were not useful in predicting the phenotype, three of 
them are heterozygous and one is a heterozygote compound, 
where we did not find any information about the mutation p. 
[D151E], considering that it is a rare and unrecorded mutation (a 
new mutation) [24] (Table 3).

The homozygous mutations p.F55>Lfs, IVS2+5G>C, IVS7+1G>A, 
R408W, S310F, Y387H correlated with the occurrence of cPKU. 
The p.E280K, p.R243Q, p.P281L, IVS10-11G>A mutation correlated 
with cPKU in some cases and was associated with mPKU in 
others. p.R261Q correlated in one case to mPKU while 3 patients 
presented with cPKU. IVS9+5G>A R270K, IVS4+5G>T genotype 
were associated with mPKU.

IVS9+5G>A R270K, IVS4+5G>T genotype were associated 
with mPKU (Table 2). The three heterozygous compound 
cases [IVS4+5G>T];[IVS9+5G>A], [IVS4+5G>T];p.R270K], 

[p.[D151E];[IVS10-11G>A] associated with cPKU. Heterozygous 
cases p.[R261Q]];[?], p.[P281L]];[?] were associated with mPKU and 
p.[R270K]];[?] found in two cases, one cPKU and the other mPKU 
(Table 2). We can conclude that phenotype was predictable 30 
patients (80.7%) (Table 3).

Predicting response to BH4 therapy
Based on the data available in the Biopku db databases and 
Zurfluh et al. (2008) [18], six mutations were described as Non-
Responsive (NR) to BH4. we did not find enough information on 
response to BH4 therapy (UNK, UNC) for many of the common 
mutations encountered in our study such as p.F55>Lfs, p. R243Q 
and IVS2+5G>C (Table 1). Furthermore many of the mutations 
that before have been described as responsive to BH4 (R), 
including p.Y387H, IVS10-11G>A, IVS9+5G>A no comprehensive 
reports were received about It (UNK) or revealed NR or showed 
Uncertain Response (UNC) or Inconstant Response (IR) such 
in the p.R261Q mutant [27]. BioPKU db reported a response of 
the p.R261Q mutation to BH4 in 74% of the tested cases and a 
slow response in 7 out of the 33 patients studied carrying the 
homozygous IVS10-11G>A mutation and one patient out of two 
p.Y387H who was treated and did not respond Therefore, the 
response to BH4 can be expected in a few cases and it is for the 
last four phenotypes p.R261Q, IVS10-11G>A, which were occurred 
in only 8 patients in our study (22.9%), seven of whom showed 
cPKU and one patient had mPKU.
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Table 3: Genotype-phenotype correlation and consistency.

Genotypes (21) Predictive Non-predictive

17 (80%) 4 (20%)

p.[R261Q];[R261Q] p.[R270K];[?]

p.[R243Q];[R243Q] p.[R261Q];[?]

p.[F55>Lfs];[p.F55>Lfs] p.[P281L];[?]

[IVS2+5G>C];[IVS2+5G>C] p.[D151E];[IVS10-11G>A]

p.[P281L];[P281L]  

[IVS10-11G>A];[IVS10-11G>A]  

p.[E280K];[E280K]  

p.[R408W];[R408W]  

p.[R270K];[R270K]  

[IVS11+1G>A];[IVS11+1G>A]  

[IVS7+1G>A];[IVS7+1G>A]  

[IVS4+5G>T];[IVS4+5G>T]  

Genotype prediction 16 cPKU 0 cPKU

1 (bold) mPKU 0 mPKU

0 miPKU 0 miPKU

0 ? 4 ?

Patient (35) With predictive genotype With non-predictive genotype

35/30 (85.7%) 35/5 (14.3%)

Concisrancy

Patient with predictive 
genotype (30 patients)

Observed phenotype (30 patients) C.

cPKU 26 cPKU 18 mPKU 8 69%

mPKU 4 mPKU 1 cPKU 3 25%

Somme 30 C. 19 IC. 11 63%
cPKU: Classic PKU; mPKU: Moderate PKU, miPKU: Mild PKU; C: Consistency; IC: Inconsistency; ?: Unknown

Discussion
This study shows a great diversity of genotypes for a small country 
such as Syria, where 16 different mutations were identified in 35 
patients. This distinguishes the peoples of the Middle East in 
terms of the presence of a mixture of different races [28]. The 
p.R261Q mutation was the most frequent (12.86%), this mutation 
is commonly observed in the Mediterranean countries: 10.3% in 
Lebanon) 8.7% in Turkey, 8.5% in Sicily [29], 15.7% in southern 
Italy [30] and, IVS10-11G>A mutation was found in 7.1% of mutant 
alleles compared with the high prevalence of this mutation in 
Lebanon (27.6%) [29] and Turkey (24.6%) [31], and it is close to its 
incidence In Morocco and Tunisia [10,11]. The F55>Lfs mutation 
was found in 8.57% of the alleles, close to its incidence in Lebanon 
7% [29] and it is mentioned that this mutation did not occur in 
other Arab countries, but only in the Arabs of Palestine [9]. The 
p.R270K mutation was It is found in 7.14% of alleles is commonly 
encountered in Europe and America, while it is rarely encountered 
in the Mediterranean region [32,33]. p.R408W, the most common 
mutation according to the BioPKU db, was only encountered in 
2.86% of cases, we found IVS2+ 5G>C in 8.7% and p.R243Q by 
8.7%. we found many different mutation in small percentages 
including p.P281L, IVS4+5G>T, IVS11+1G>C, IVS9+5G>A, p.E280K, 
they are common mutations in the Mediterranean region and Iran 
[34,35], p.S310F which was found in 5.72% was described in China, 

Korea [36,37] and Germany [38] p.Y387H that was found in 2.86% 
of our muted alleles  was described in Germans [38], as well as in 
eastern Asia [37]. We found some rare mutations such as p.D151E 
and the database did not provide any information about it [39].

Study of phenotype-genotype correlation
Genotype-phenotype correlation was determinate for 35 patients 
with 21 different genotype, phenotype was predictable for 17 
genotypes (80%) and unpredictable. 4 (20%) genotypes based on 
calculated AV (Guldberg et al.) [19], and the calculated APV and 
GPV according to BIOPKU (Table 3). It was possible to predict the 
phenotype based on the 17 genotypes in 30 patients: 26 cases 
expected to be associated with cPKU, only 18 of them were cPKU, 
and 4 expected to present mPKU only one case of them presented 
mPKU. Phenotype correlated with genotype in only 19 patient 
out of 30, we can conclude a consistency (phenotype genotype 
correlation) rate of 63% in our study (Table 3).

It’s known that the most severe disease is associated with 
the most severe mutations [3,6], the variation of the clinical 
phenotype is a reality and is related also to the diet [40], in a study 
of untreated families, it was found in the same family and for the 
same mutation a difference in the severity of the disease so that 
some of the diagnosed individuals are brothers of Severe disease 
and profound retardation appeared to be completely normal with 
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a normal IQ, and the study concluded that there is no association 
between disease phenotype and the causative mutation in 
untreated children [41,42].

Since BH4-supplementation is not available in Syria, we made 
the first estimation of its potential benefit based on patients’ 
genotypes. Only few genotypes are estimated to be BH4 
responsive this may due to the high allele frequency of severe 
PAH mutations. Even though, the BH4 responsiveness must 
be investigated by the response to the oral administration 
of BH4 (10 mg/kg to 20 mg/kg body weight) On all patients, 
especially with GVP more than 2.8 as APV values of 0, 5 or 10 ar 
considered to be strong predictors [25], and mutant compatible 
with mPKU or HPA [43]. It’s also indicated that mutations located 
in the catalytic domain were 68% of responsive mutations 
[18], We notice 13 PHA mutant alleles in the catalytic domain 
in our study (Table 1), and we had  9 patient with mPKU: one 
p.[R261Q];[R261Q], two p.[R243Q];[R243Q], one p.[P281L];[P281L], 
one [IVS10-11G>A];[IVS10-11G>A], one p.[E280K];[E280K], 
one p.[R270K];[R270K], one [IVS9+5G>A];[IVS9+5G>A], one 
[IVS4+5G>T];[IVS4+5G>T], one  [IVS11+1G>C];[IVS11+1G>C], one 
p.[R270K];[?], one p.[R261Q];[?], one p.[P281L];[?] (Table 2). Those 
9 patients must be studied; we notice some homozygote and 
heterozygote for R243Q to be BH4 responsive [44,45].

Conclusion
In Syria, the genetic spectrum showed a great diversity of mutation 
patterns, R261Q was the most frequent mutation in our studied 
patient (12.86%). This type is classified as a classic mutation, may 
be associated with mPKU or cPKU and may also respond to BH4. 
A trial to survey the response to BH4 therapy should be initiated 
in the future.
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