
 

 

 

 

 

 

 

 

 

 

Mutation screening of the NF1 gene in patients with Noonan syndrome 

 

Malin Berggrund 

Biomedicine programme, Uppsala University 

2012-06-08 

 

Intuition of Immunology, Genetics and Pathology 

Supervisor: Sara Ekvall 



1 

 

ABSTRACT 

 

Noonan syndrome (NS) and neurofibromatosis-Noonan syndrome (NFNS) are both a part of the 

group RASopathies that consists of seven related disorders. Within this group, there is a complex 

overlap of genetic and clinical symptoms, which is explained by a common pathogenic mechanism, 

dysregulation of the RAS-MAPK pathway. The NF1 gene is a known cause of both 

neurofibromatosis type 1 and NFNS. Because of the similar symptoms in NS and NFNS, there is a 

possibility that some of the individuals with an NS diagnosis and unknown genetic cause might in 

fact have NFNS. We performed a screening of exon 20-29 in the NF1 gene in a cohort of NS 

patients with unknown genetic cause. One of these individuals showed a heterozygous mutation in 

exon 20 of the NF1 gene. The mutation was a nucleotide substitution, c.3358G>C, that leads to an 

amino acid substitution, p.Val1120Leu. This report shows the first steps to define the mutation’s 

significance for NFNS and its symptoms and also points towards the NF1 genes importance for 

diagnosis. 

 

SAMMANFATTNING 

 

Noonan syndrom (NS) och neurofibromatos-Noonan syndrom (NFNS) är båda en del av gruppen 

RASopatier, som består av sju besläktade sjukdomar. Inom den här gruppen finns en komplex 

överlappning av genetik och kliniska symptom, som kan förklaras av en gemensam patogenetisk 

mekanism, felreglering av signaleringsvägen RAS-MAPK. NF1-genen är en känd för att vara 

involverad i både neurofibromatos typ 1 och NFNS. På grund av liknande symptom i NS och NFNS 

finns det en sannolikhet att en del av de individer som är diagnostiserade med NS och har en okänd 

genetisk orsak egentligen lider av NFNS. Vi utförde en screening av exon 20-29 i NF1-genen i en 

grupp av NS-patienter med okänd underliggande genetisk orsak. I en av dessa individer fanns det att 

finna en heterozygot mutation i exon 20 i NF1-genen. Mutationen var en nukleotidsubstitution, 

c.3358G>C, som leder till en aminosyrasubstitution, p.Val1120Leu. Den här rapporten visar de 

första stegen för att definiera mutationens signifikans för NFNS och dess symptom och pekar också 

på NF1-genens betydelse för diagnos. 
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INTRODUCTION 

 

The RAS/Mitogen-activated protein kinase (MAPK) pathway plays a role in cell proliferation, 

differentiation and apoptosis. (1) Seven related disorders, including Noonan syndrome and 

neurofibromatosis-Noonan syndrome (NFNS), form a group of syndromes called the RASopathies. 

An overlap in both clinical symptoms and genetic causes exists within the RASopathies and is 

explained by a common pathogenesis, dysfunction in the RAS-MAPK pathway. (2)  

 

Noonan syndrome has an estimated incidence of 1 in 1000 to 1 in 2500. It is an autosomal dominant 

disorder and has complete penetrance, but a variable clinical expression. The characteristic 

symptoms are distinctive facial features, short stature, congenital heart defect and unusual pectus 

deformity. (3) There are also related features, such as skeletal defects, mild retardation and various 

skin manifestations. (4) Ten genes have so far been assigned to be involved in Noonan syndrome, 

PTPN11, SOS1, KRAS, BRAF, MEK1, RAF1, SHOC2, NRAS, CBL and MYST4. (5,6) PTPN11 is the 

major cause to the syndrome and mutations in this gene can be found in approximately 50% of the 

affected individuals. (7) There are still patients diagnosed with NS without any mutation in the ten 

known genes. 

 

NFNS shares clinical symptoms with Noonan syndrome with the addition of multiple café-au-lait 

spots, axillary or inguinal freckling, cutaneous neurofibroma and iris Lisch nodules. (3)  

 

The NF1 gene is located on chromosome 17q11.2 and mutations in this gene have been shown to 

cause both neurofibromatosis type 1 (NF1) as well as NFNS. It has been appointed to be the major 

underlying cause of NFNS. (8) The NF1 gene encodes a protein, neurofibromin, that is GAP-related 

and acts as a negative regulator of the RAS-MAPK pathway. (9) The gene contains 60 exons and 

spans over 350 kb. The GAP-related domain (GRD) of NF1 (exon 20-27a) has been shown to 

interact with p21/Ras protein. (9) There are results describing mutations in the GRD in the NF1 

gene to be connected to learning deficits caused by excessive Ras activity (10) and NFNS 

associated mutations seems to partly be clustered in the GRD region. (11) 
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The study was designed after the hypothesis that NFNS is an underdiagnosed syndrome and some 

of the NS patients with unknown genetic cause might in fact not have the diagnosis NS, but NFNS 

instead. Since NFNS have been associated with mutations in the NF1 gene and the GRD area of 

NF1 seems to be a hot spot for mutations connected to NFNS, the project was  a screening of exon 

20-29 in the NF1 gene in a cohort of NS patients with unknown genetic cause. 

 

20 patients were included in the study and one of the individual in this study showed a heterozygous 

mutation in exon 20 of the NF1 gene. The mutation was a nucleotide substitution, c.3358G>C, that 

leads to an amino acid substitution, p.Val1120Leu suggesting that the NFNS could be 

underdiagnosed. 

 

PATIENTS AND METHODS 

 

Patients 

 

The patients are clinically diagnosed with Noonan syndrome and tested for known mutations in 

genes known to be related to the Noonan syndrome, PTPN11:exon 2-4, 7, 8, 12, 13, SOS1:exon 3, 

6, 10 14, 16, KRAS:exon 2-5, RAF1:exon 7, 14, 17, SHOC2:exon 2. The analyse detects >90% of 

the mutations found in NS patients. Patients included in this study had no mutation in this analyse.  

Since there is a clinical overlap between the different RASopathies, we analysed the NF1 gene in 

these patients to find out if they may have NFNS rather than Noonan syndrome. Exons 20, 21, 22, 

23.1, 23.2, 24, 25, 26, 27A, 27B, 28 and 29 have been estimated to be of most interest. 20 patients 

were included in this study. DNA was extracted from peripheral blood leukocytes from each patient. 

 

Methods 

 

Exon 20, 21, 22, 23.1, 23.2, 24, 25, 26, 27A, 27B, 28 and 29 of the NF1 gene were analysed with 

PCR, gel electrophoresis, Sanger sequencing, capillary gel electrophoresis and computer analysis.  
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PCR 

Reaction mix / 1 reaction 

H2O      13.4 l 

Buffer (15 mM MgCl2)   2 l 

dNTP:s (2 mM of each)    1 l 

Primers Forward+Reverse (1M of each)  2 l 

Ampli TaqGold (5 U/l)   0.2 l 

DNA (50 ng/l) 1.4 l 

 

Total: 20 l/reaction 

 

PCR program 

95 5’ 

20x(95 20’’, 65 30’’(-0.5 every cycle), 72 30’’) 

25x(95 20’’, 55 30’’, 72 30’’) 

16 Hold 

  

Primers 

 

Table.1 Primer sequences and fragment sizes for exon 20-29 of the NF1 gene. 

Exon Primer sequence      Size (bp) Exon Primer sequence      Size (bp)

20 TCGCGAGAGAGGAGAGAAAC 400 25 CCTGTTTTATTGTGTAGATACTTCA 134

TGGCCTTGCTGAAGTAATTTT TAAGTGGCAAGAAAATTACCT

21 TCAGCAAGGCCATGTTAGTA 284 26 GTGTGAACAAGCCCTCCATA 374

CTTCCCCGCTTACTCTAATC GAAGATGCAAAGTAAAAAGCACT

22 TGCTACTCTTTAGCTTCCTAC 331 27a ATGATTAGCACATTCACGGG 466

CCTTAAAAGAAGACAATCAGCC GCAAACTCTCCTTCTCAACC

23.1 TTTGTATCATTCATTTTGTGTGTA 282 27b TTTATTGTTTATCCAATTATAGACTT 296

AAAAACAgCGGTTCTATGTGAAAAG TCCTGTTAAGTCAACTGGGAAAAAC

23.2 CTTAATGTCTGTATAAGAGTCTC 268 28 TTTCCTTAGGTTCAAAACTGG 517

ACTTTAGATTAATAATGGTAATCTC CTA GGG AGG CCA GGA TAT AG

24 TGACCTTTGAACTCTTTGTTTTCA 298 29 GGTTGGTTTCTGGAGCCTTT 469

GAAAAGCTGAAAATTTAGTTGGAA AGCAACAAACCCCAAATCAA
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M13-sequences are added to the 5’-end of tagged primers for the cycle sequence primers to bind to: 

Fwd: 5’-TGT AAA ACG ACG GCC AGT -primer sequence  

Rev: 5’-CAG GAA ACA GCT ATG ACC -primer sequence  

  

This will make sure that only the PCR product will be amplified in the cycle sequencing to avoid 

contamination and disturbing background in the analyse. 

 

Negative controls for each exon were run with the same protocol, with water replacing the DNA in 

the reaction mix. 

 

Gel electrophoresis  

We ran a gel electrophoresis (Fig2.) after the PCR to confirm that PCR product with correct 

fragment size had been received from each reaction and that the negative controls showed no 

contamination. 

 

1.5 % gel 

1.5 g agarose 

100 ml 0.5x TEB buffer 

Sybr safe DNA gel stain (Invitrogen) 10 l 

 

5 l PCR product + 1 l of loading dye were loaded in each well. For sizing, 3µl GeneRuler 100 bp 

DNA ladder (Fig. 1, Thermo Scientific) was used. The gel was run for 20 minutes at 120 V. 
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Fig. 1. GeneRuler 100 bp DNA Ladder was used to determine that PCR product in the right size was present in each 

sample.  

 

  

Fig. 2. Example from gel electrophoresis performed to confirm PCR product of correct size and lack of contamination.  

Row 1: Lane 1, GeneRuler 100 bp DNA Ladder. Lane 2-8, exon 20 from patients. Lane 9, exon 20 negative control. 

Lane 10-16, exon 21 from patients. Lane 17, exon 21 negative control. Lane 18-24, exon 22 from patients. Lane 25, 

exon 22 negative control.  

Row 2: Lane 1, GeneRuler 100 bp DNA Ladder. Lane 2-8, exon 23.1 from patients. Lane 9, exon 23.1, negative control. 

Lane 10-16, exon 23.2 from patients. Lane 17, exon 23.2 negative control. Lane 18-24, exon 24 from patients. Lane 25 

exon 24 negative control.  
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Purification with EXOSAP-IT 

PCR products were treated with ExoSAP-IT (Affymetrix) to remove unused dNTP:s and primers 

from the PCR reactions. The ExoSAP-IT enzymes were inactivated by heating the sample to 80 for 

15 minutes. 

 

Reaction mix/ sample 

5 l PCR product 

2 l ExoSAP-IT 

 

Program 37  15 minutes 

  80  15 minutes 

  4  Hold 

 

Sanger sequencing 

Reagents / 1 reaction, BigDye Terminator v.3.1 cycle sequencing kit (Life technologies) 

DNA-template (5-50 ng)    1 l 

H20        5.4 l 

5x BigDye sequencing buffer    1 l 

ReadyReactionmix      1 l 

Sequencing primer (M13F or M13R) (1 M)  1.6 l 

 

Total: 10 l 

 

PCR program 96 1’ 

  30x (96 10’’, 50 5’’, 60 30’’) 

  4 Hold 

 

Each PCR product was run with one reaction for M13F (Forward primer) and one reaction for 

M13R (Reverse primer) to get a better coverage. 
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Purification with XTerminator 

After cycle sequencing, the sequencing products were  purified with Big Dye XTerminator 

purification kit (Life Technologies) to remove unincorporated nucleotides before the samples were 

analysed with capillary gel electrophoresis. 

 

10 l XTerminator and 45 l SAM solution were added to each sample. The samples were then 

shaken at 1250 rps for 30 minutes. Thereafter, the samples were centrifuged at 1000 xg for 2 

minutes. 

 

Capillary gel electrophoresis and Computer Analysis 

Samples were run on an ABI 3130XL (Life Technologies) after instructions, using capillary gel 

electrophoresis that separates after size, detects fluorescent nucleotides and converts it into data that 

can be read by the software Sequencing Analysis. 

 

Program 2 sec injections, 1.2 V. Run time 2780 sec, 8.5 V, 60 

  Dye set: Z 

 

Then the results were analysed using the computer programs Sequencing Analysis, Sequence 

Scanner v1.0 and SeqScape v2.5 (all from Life Technologies). Sequencing Analysis converts the 

files from ABI 3130XL, so they can be read by SeqScape v2.5. Analysis with Sequence Scanner 

v.1.0 was made to control the light intensity of the samples. Analysis of the DNA sequences was 

made in SeqScape v2.5. The sequences are aligned to a referent sequence and compared to find 

variations. 

 

RESULTS 

19 of the 20 patients included in the study were negative for mutations in exon 20, 21, 22, 23.1, 

23.2, 24, 25, 26, 27A, 27B, 28 and 29 of the NF1 gene. (Fig4.) 

 

In one of the patients included in the study a heterozygous mutation was discovered in exon 20 of 

the NF1 gene. The identified nucleotide substitution, c.3358G>C, is shown below in figure 3. This 

mutation leads to the amino acid change p.Val1120Leu. (Fig. 3) 
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Fig.3. Heterozygous mutation in exon 20 in one affected individual viewed in SeqScape v2.5. Identified nucleotide 

substitution is c.3358G>C. The mutation leads to the amino acid change, p.Val1120Leu. 

 

 

Fig.4. Healthy control individual without the nucleotide substitution, c.3358G>C, viewed in SeqScape v2.5.  

 

The mutation reported here has to our knowledge not been described before. Using the computer 

software ALAMUT v2.0, we concluded that it is a highly conserved nucleotide and a moderately 

conserved amino acid, but valine and leucine has small physicochemical differences.  
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DISCUSSION 

 

Noonan syndrome and NFNS display an overlap in clinical symptoms and genetic causes. After 

studying the NF1 gene in patients diagnosed with Noonan syndrome, but with no mutations known 

connected to the syndrome, a heterozygous mutation in the NF1 gene was found in one of the 

patients. The mutation was a nucleotide substitution, c.3358G>C, in exon 20 of the NF1 gene and 

translates to the amino acid substitution, p.Val1120Leu. This is, as far as we know, a not yet 

described mutation in the NF1 gene. 

 

To conclude the mutation’s significance for NFNS and its role in the RAS-MAPK pathway more 

studies need to be performed. A large number of unrelated healthy control individuals needs to be 

examined for this mutation in exon 20 to exclude the possibility that it is a polymorphism without 

impact on the RAS-MAPK pathway. A genetic and clinical analysis of relatives to the affected 

individual could determine if the mutation is a de novo or an inherited mutation. It could also be 

used to preclude or confirm that the mutation is connected to the symptoms, if the relatives are 

healthy or also showing symptoms. To confirm the effect on the RAS-MAPK pathway, functional 

studies should be performed.  

 

19 of the 20 patients included in this study were negative for mutations in the exons of the NF1 

gene studied here. Reasons for this could be that they have mutations in other exons of the NF1 

gene or that the preanalysis of PTPN11, SOS1, KRAS, RAF1 and SHOC2 did not cover these 

patients mutations. With the number of genes involved in the RAS-MAPK pathway and possible 

mutations in mind, finding a mutation in the NF1 gene in such a small trial as this shows how 

interesting the NF1 gene can be for the RASopathies. The hypothesis that NFNS is an 

underdiagnosed syndrome could in some way be confirmed with the results from this study. A 

discussion of whether the NF1 gene should be included in the standard analyse of Noonan patients 

could be relevant. 

 

To be able to separate Noonan syndrome and NFNS and to conclude if neurofibromatosis type 1 

and NFNS are two different disorders or a variation of the same syndrome, more studies of the NF1 

gene and other genes in the RAS-MAPK pathway are needed. It is an important area to be able to 

provide relevant genetic counseling for patients. 
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