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ABSTRACT

Objectives: Genetics is one of the fastest growing medical fields in the last 10 years. While new analysis
methods such as Next Generation Sequencing have been developed, the use of artificial intelligence like
Face2Gene in this field has also been developed. The aim of this study is to evaluate the clinical, genetic and
dysmorphic findings of Neurofibromatosis type 1 (NF1) patients, a disease of the RASopathy group. At the
same time, another aim of this study is to evaluate and compare with other RASopathies diseases the success
of Face2Gene application which is one of the NGP technologies, in this group of diseases.

Methods: This study is a retrospective archive scan. Fourteen patients from 3 different patient groups were
selected for the study. Face2Gene analysis was performed for these groups. Detailed clinical, genetic and
dysmorphic findings of NF1 patients were also examined.

Results: As a result of the genetic analysis of NF1 patients, one patient had novel mutation. The most detected
mutation type is nonsense mutation (42.8%). The most common finding in magnetic resonance imaging was
hamartoma (29%). Face2Gene suggested that NF1 in top-3 for 10 of 14 NF1 patients. Additionally, at the
comparison of NF1 patients and non-NF1 RASopathies patients resulted as AUC was 0.749 and p value was
0.134.

Conclusions: Considering the developments in technology in the last 10 years, it is thought that artificial
intelligence applications such as Face2Gene will be used a lot in the routines of medical doctors in the next 10
years.
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field. Dysmorphology refers as "birth defects and re-
sult from malformations, deformations, or disruptions,
which generally have a significant and obvious effect

I Iuman facial features are an important part of
identity. The face was seen as an important part
of the body. We recognize and define ourselves and

others with facial features. However, in some cases the
facial features are quite different from the "normal"
facial features and these are very conspicuous. This
situation has led to the rise of the "Dysmorphology"

on appearance" [1].

Dysmorphology has been curious and fantastic
field since prehistoric times. The best examples of this
are Tumaco-La Tolita Figurine in Colombia and
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Ecuador showing the characteristic facial features of
Down syndrome [2]. Additionally, in the literature,
characters with dysmorphic features have gave inspire
to the authors like Quasimodo in Victor Hugo's novel
The Hunchback of Notre-Dame. In this novel, Quasi-
modo represents Neurofibromatosis type 1 (NF1) pa-
tient [3].

Presenting a disease-causing mutation to the phe-
notype is the greatest aid to clinical geneticists in di-
agnosis. 30-40% genetic disorders have characteristic
and distinct facial features. [4]. The importance of dys-
morphology has increased in recent years with the de-
velopment of new computer-based databanks (London
Dysmorphology Database, Pictures of Standard Syn-
dromes and Undiagnosed Malformations Database,
Online Mendelian Inheritance in Man, etc.). With use
these databases, the success of the prediagnosis is in-
creasing with dysmorphic and physical examination
findings [5]. One of these databases developed in re-
cent years is the Face2Gene (FDNA Inc, Boston,
USA) application. Face2Gene is one of the best exam-
ples of the next-generation phenotyping (NGP). This
application is developed using computer vision and
deep learning algorithms on the basis of Deep Gestalt
technology [6]. This technology provides a commu-
nity-driven phenotyping trained on thousands of pa-
tient images and used to analyze hundreds of
syndromes. It also provides an analysis based on the
clinical findings of the patients (Feature Match). In re-
cent studies, the success rate of Face2Gene for the cor-
rect syndrome has been reported to be 86-91% in the
top 10 recommendation disease list [7, 8]. In this
study, we considered both types of analysis and in-
cluded an in-silico analysis in which photos of our re-
search group were compared with 2 control groups.

One of the disease groups with dysmorphic facial
features is RASopathies. The common features of this
group of diseases are developmental delay, congenital
heart disease, dysmorphic facial features and various
degrees of intellectual disability. This is caused by
germline mutations in genes encoding components or
regulators of RAS / MAPK (mitogen activated protein
kinase) signaling pathway that lead to dysregulation
of cell signal transmission. The diseases of the RA-
Sopathies group include neurofibromatosis type 1,
Noonan syndrome, Noonan syndrome with multiple
lentigines, Leopard syndrome, hereditary gingival fi-
bromatosis type 1, capillary malformation—arteriove-

nous malformation syndrome, Costello syndrome, car-
dio-facio-cutaneous syndrome, and Legius syndrome
[9].

Neurofibromatosis type 1 (NF1) is a syndrome in
group of RASopathies is one of the most common
Mendelian diseases. It was first described in 1882 by
Friedrich Danie Von Recklinghausen as a case report.
Therefore, the other name of the disease is Von Reck-
linghausen disease. The incidence of disease is ap-
proximately 1 in 2600 to 3000 individuals [10]. The
disease is inherited as autosomal dominant. Half of the
affected individuals (50%) had a de novo mutation in
NF1 gene. NF1 syndrome is caused by mutations in
the NF1 gene [11]. Genetic variants caused for the dis-
ease are mostly mutations that cause truncated protein
production (complete gene deletions, insertions, stop,
and splicing mutations) [12]. NF1 clinical symptoms
and signs are caf’e-au-lait maculae, skin fold freck-
ling, neurofibromas and plexiform neurofibromas, iris
Lisch nodules, scoliosis, dysplasia of the long bone or
sphenoid, optic pathway glioma, cardiac malforma-
tions, cardiovascular disease, vasculopathy, hyperten-
sion, and seizures. This syndrome also causes
dysmorphic craniofacial features, mild intellectual dis-
ability, and a predisposition to developing some ma-
lignancies. Dysmorphic facial features are telecanthus,
down-slanting palpebral fissures, eversion lower lat-
eral eyelid fissures, large nose, high broad nasal
bridge, thick ears helices, small and pointed chin. Di-
agnosis is provided with the presence of 2 of the dis-
ease suggestion criteria’s. Suggestion criterias are (1)
cafe’-au-lait spots (six or more and > 5 mm in greatest
diameter in prepubertal individuals and > 15 mm in
greatest diameter in postpubertal), (2) skin freckling
(axillary or inguinal regions), (3) Lisch nodules (Two
or more), (4) neurofibromas (two or more any type or
one plexiform), (5) optic gliomas, (6) distinctive bony
lesions, and (7) a first-degree family relative with NF1
[13]. Genetic diagnosis of NF1 is made by sequence
analysis and gene-targeted deletion / duplication
analysis in NF1 gene [14].

The aim of this study was to evaluate the clinical
presentation of NF1 syndrome which is the one of
common Mendelian disease and to present it to the lit-
erature. At the same time, another aim of this study is
to evaluate and compare with other RASopathies dis-
eases the success of Face2Gene application which is
one of the NGP technologies, in this group of diseases.
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METHODS

This study was planned as a retrospective study.
The files of the patients who applied to Medical Ge-
netics Department of Afyonkarahisar Health Science
University between 2012 and 2020 were re-reviewed.
Patients included in the study were divided into 3
groups. Group 1 consist with patients have pre-diag-
nose as NF1 disease and detected mutation in the NF1
gene by molecular genetic analysis. The patients in-
cluded in Group 2 have clinically diagnosed as RA-
Sopathies except NF1. Group 3 patients have Down
syndrome. Inclusion and exclusion criterias for pa-
tients were determined as in Table 1. Consent was ob-

tained from all patients.

Selected 14 patients for all 3 groups (Total count
42). The photos and relevant clinical features were up-
loaded to Face2Gene. In the suggestion list presented
by the application, the presence of NF1 and non-NF1
RASopathy group diseases was annotated for Group
1 and Group 2. We also looked how the correct diag-
nosis is ranked by both types of analysis, DeepGestalt
and Feature match. In addition, the RESEARCH ap-
plication of Face2Gene was used to understand
whether the tool can recognize the group of patients
from control groups [15]. In a series of filtrations, we
compared our test group to 2 different control groups
- a cohort comprised of frontal facial photos of Down

Table 1. Inclusion and exclusion criterias for study

Group 1

Inclusion Criterias

Exclusion Criterias

Patient consulted to the Afyonkarahisar Health
Science University, Medical Genetics Department
between 2012-2019

+Patients that have symptoms and signs for NF1
disease.

*Patients that have mutation in NF1 gene that
detected by molecular genetics analysis.

*In patient files, having at least one frontal facial
picture for analyzing in Face2Gene application

Patient has not consulted to the Afyonkarahisar Health
Science University, Medical Genetics Department

+Patients that do not have symptoms and signs for NF1
diseases

Patients do not have mutation in NF1 gene that detected
by molecular genetics analysis or have not any genetics
results.

*Patient does not have enough pictures for analyzing in
Face2Gene application

Group 2

Inclusion Criterias

Patient consulted to the Afyonkarahisar Health
Science University, Medical Genetics Department
between 2012-2019

Patients were clinically diagnosed as one of
RASopathies diseases except NF1 (non-NF1
RASopathies)

*In patient files, having at least one frontal facial
picture for analyzing in Face2Gene application

Exclusion Criterias

Patient that were not consulted to Afyonkarahisar Health
Science University, Medical Genetics Department

Patients that do not have enough pictures for analyzing
in Face2Gene application

Group 3

Inclusion Criterias

Patients that were consulted to the Afyonkarahisar
Health Science University, Medical Genetics
Department between 2012-2019

*Patients that received diagnosis based on G-banding
karyotyping result as Down Syndrome.

*In patient files, having at least one frontal facial
picture for analyzing in Face2Gene application

Exclusion Criterias

Patients that were consulted to the Afyonkarahisar
Health Science University, Medical Genetics Department

*Patients that did not receive diagnosis based on G-
banding karyotyping result as Down Syndrome.

Patients that do not have enough pictures for analyzing
in Face2Gene application
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Table 3. Clinical, dysmorphic and radiological findings of Group1 patients

CASE
ID

PRESENTING
SYMPTOMS

DYSMORPHIC FEATURES

MRI FINDINGS

1

10

11

12

13

14

Multiple cafe au lait
spots, neurofibromas,
lisch nodules

Multiple cafe au lait
spots, neurofibromas,
unilateral hearing
loss

Multiple cafe au lait
spots

Multiple cafe au lait
spots, neurofibromas

Multiple cafe au lait
spots, seizure,
neurdevelopmental
delay, lisch nodules
Multiple cafe au lait
spots, neurofibromas

Multiple cafe au lait
spots, neurofibromas

Multiple cafe au lait
spots, neurofibromas,
sarcoma excision
from arm

Multiple cafe au lait
spots, ataxic gait

Multiple cafe au lait
spots, neurofibromas

Multiple cafe au lait
spots, neurofibromas

Multiple cafe au lait
spots

Multiple cafe au lait
spots, short stature

Multiple cafe au lait
spots, developmental
delay

Prominent supraorbital ridges, cheekbones
prominence, deeply set eyes, prominent antihelix
stems, protruding ears, macrotia, low insertion
columella

Long face, broad forehead, deeply set eyes, broad
eyebrows, thick eyebrows, long palpebral fissures,
prominent antitragus, long ears, narrow nasal bridge,
fullness paranasal tissue, deep philtrum, exaggerated
Cupid's Bow
Long face, cheekbones prominence, broad chin,
deeply set eyes, narrow nasal ridge, deep philtrum,
exaggerated Cupid's Bow, thin lower lip vermilion
Long face, malar flattening, prominent nasolabial fold,
broad chin, deeply set eyes, thick eyebrows,
telecanthus, enlarged nares, wide nasal base, wide
nasal bridge, deep philtrum, exaggerated Cupid's Bow,
thin lower lip vermilion
Malar flattening, thick eyebrows, telecanthus, thick ala
nasis, bulbose nose, long philtrum, thick lower lip
vermilion, thick upper lip vermilion

Long face, narrow face, prominence cheekbone, tall
chin, thick eyebrows, low hanging columella, wide
nasal base, thick upper lip vermilion, thick lower lip
vermilion
Brachycephaly, frontal balding, long face, prominence
cheekbones, long chin, deeply set eyes, hypotelorism,
sparse eyebrow, prominent antitragus, thick ala nasi,
low insertion columella, narrow nasal bridge, smooth
philtrum
Long face, cheekbones prominence, malar flattening,
broad chin, tall chin, deeply set eyes, downslanted
palpebral fissures, high insertion columella,
malaligned philtral ridges

Malar prominence, deeply set eyes, sparse eyebrows,
infraorbital creases, upslanted palpebral fissures,
ptosis, thick ala nasi, wide nasal bridge, wide nasal
ridge, deep philtrum, exaggerated Cupid's Bow

Full cheeks, midface prominence, tall chin,
downslanted palpebral fissures, wide nasal base, thick
lower vermilion
Triangular face, full cheeks, midface prominence,
pointed chin, downslanted palpebral fissures, wide
nasal base, thick lower vermilion
Broad chin, tall chin, smooth philtrum, thin lower lip
vermilion

Midface prominence, pointed chin, tall chin, wide
spaced eyes, upslanted palpebral fissures, telecanthus,
overfolded helix, narrow nasal ridge, exaggerated
Cupid's Bow
Broad forehead, short chin, prominent antihelix stem,
serpenginous antihelix stem, wide nasal base, wide
mouth

Nonspecific hyperintense signal in
T2-FLAIR A sequences which is
oval configuration measured as 7x5
mm in the right frontal white matter
at the centrum semiovale level, L2-
S1 vertebra perineural cyst
Pontocerebellar arachnoid cyst,
mega cisterna magna, right
cerebellar hamartoma

N/A

Normal

Arachnoid cysts, cavum septum
pellucidum et vergae

N/A

Cerebellar hamartoma,
neurofibromas

Triceps muscle sarcoma, bladder
mesenchymal sarcoma

Hamartomas in superficial and deep
white matter, periventricular white
matter, left cerebellar hemisphere,

corpus callosum, bilateral globus
pallidus
Normal

N/A

Normal

Hamartomas in brain stem,
cerebellar hemisphere and cerebral
hemispheres, thickening of optic
nerve
Normal
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exon. The most detected mutation is nonsense that has
6 patients. Five mutations are occurred as frameshift.
One of these is a novel mutation (Case 14). In this
study, there is only one missense mutation. Twelve pa-
tients of 14 have pathogenic mutations which are ac-
cording to American College of Medical Genetics
(ACMGQG) classification of mutations. One patient has
"uncertain significance" variant. The range of age that
patient have definitive diagnosis is between 2-48.

All of NF1 patients have consulted cause of mul-
tiple cafe au lait spots. Other presenting symptoms are
neurofibromas, lisch nodules, neurodevelopmental
delay, unilateral hearing loss, ataxic gait, short stature,
seizure respectively. The most seen dysmorphic facial
feature is both long face and deeply set eyes (42.8%).
The second is both exaggerated Cupid's Bow and tall
chin (35.7%) and the third is thick eyebrows (28.5%).
3 patients didn't have any MRI. Four of 14 patients
have hamartomas or hamartoma like image at brain
MRI. Also 4 patients had "Normal" MRI. The patient
who had pontocerebellar arachnoid cyst (Case 2) that's
maybe why he had unilateral hearing loss and he was
the only patient who have missense mutation in this
study. At the same time Case 2, Case 7 and Case 13
had cerebellar hamartoma but he didn't have any cere-
bellar sign. Only one patient (Case 13) had thickening
of optic nerve. The patient who had novel mutation in
NF1 gene had developmental delay but he had normal
MRI. All these informs are in Table 3.

The frontal facial photographs of each 14 NF1,
Down syndrome and non-NF1 RASopathy patients
were uploaded to Face2Gene application. The com-
posite photos of each group are shown in picture 1.
The application also provides binary comparisons. Ac-
cording to application, the success of NF1 and 2 other
disease groups (Down syndrome and non-NF1 RA-
Sopathies) of diagnosis was compared. In addition, 14
unaffected control cases were compared with NF1 pa-
tients. According to the binary comparison between
NF1 and Down syndrome patients, area under the
curve (AUC) value was calculated as 0.965 and p
value 0.007. At the comparison of NF1 patients and
non-NF1 RASopathies patients resulted as AUC was
0.749 and p value was 0.134. Also, at the comparison
of 14 unaffected control cases and NF 1 patients, AUC
was calculated as 0.932 and p value as 0.032. When
compared with Down syndrome and unaffected con-
trols, AUC was 0.989 and p value was 0.000. In com-

parison of NF1 patients and 3 other groups, AUC re-
sulted as 0.855 and p value as 0.034. The Receiver op-
erating characteristic (ROC) curve of these
calculations is shown in picture 2.

At the final of analysis Face2Gene application
provides a list which 30 possible diseases for diagno-
sis. This list is presented depend on Gestalt Score and
Feature Score. Accordingly, Gestalt Score is a number
obtained according to the analysis of patients' photo-
graphs. Feature Score is the other number obtained by
entering the clinical findings of the patients. Com-
bined Score is calculated according to these two
scores. For 14 patients with NF1, rank of NF1 disease
at suggested syndromes list by the application, Gestalt
score, Feature score and combined score are presented
in Table 4. In addition, these scores and the rank for
non-NF1 RASopathies diseases in the suggestion list
which recommended by the application for these 14
patients are presented in Table 4. The application sug-
gested this disease in top-3 for 10 of 14 NF1 patients.
For 5 patients, non-NF1 RASopathies diseases were
suggested at higher rankings than NF1 disease.

DISCUSSION

In this study, we presented genotype and pheno-
type findings of NF1 patients. According to aim of the
study, success of new approach for phenotyping like
DeepGestalt (Face2Gene application) technology
evaluated. This new generation genetics disease diag-
nosis techniques may use in routinely at clinical prac-
tice for medical genetics doctors.

For autosomal dominant disorders, de novo muta-
tions which is mean an alteration in a gene that is pres-
ent for the first time in one family member, have high
rate [17]. NF1 is one of in this group disease. Almost
half of NF1 disease occurs as de novo [18]. In this
study, we could not do segregation analysis. But ac-
cording to pedigree analysis de novo mutation rate
found as 7.14%. Possible cause of this condition may
be the fitness of NF1 disease is high.

The mutation type is one of elements that are ben-
efited for classification of mutation. That's why, when
genotyping, mutation type is one of important stage.
Mutation type rates in NF1 gene are reported as for
nonsense mutation is between 21%-38% [19, 20]. Ac-
cording to ClinVar genetic database, 407 of 6254 vari-
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ants are reported as nonsense. In this study, nonsense
mutations rate was 42.8%. Additionally, second most
detected mutation type in this study is frameshift mu-
tation (35.7%). In the literature, frameshift mutation
rate is reported between 47%-26% [19, 21]. The mis-
sense mutation rate in the NF1 gene has been reported
as between 60 and 12% [19, 22, 23]. In our study, the

rate of this mutation type is lowest one (7%). The rate
of mutations occurring in the intronic region of the
NF1 gene, which constitute regions of gene that are
not translated to protein, has been reported to be 43-
20% [21, 23]. In this study, the intronic mutation rate
was found as 14%. Considering that variants that
cause NF1 disease may occur not only in exons but

Table 4. Face2Gene analysis results of patients with NF1

NF1 Scores NON-NF1 RASopathy Scores
= s %
z z g
T . T2
g £ = g2 % g
2 B3 ¢ E & 2% E= = 3
2 23 g S 3 S Z 2 g S 3
a s « 2 2 ) 3 5@ bl 7] 2] 5]
- 0 =S = e = 0 é =S = e =
= N = < = = N VR < = =
2 % 3 3 s £ gz £ 2 £ £ %
o & 2 & = O £z 2 F < e o
P1 4 1 0.140658 1 0.58 Noonan 3 0.17825 0.5 0.26
Syndrome
P2 + 1 0.24933 0.56 0.56 LEOPARD 2 0.171426 0.73 0.33
Syndrome
P3 4 3 0.200005 0.84 0.29 LEOPARD 8 0.0931721 1 0.11
Syndrome
P4 + 2 0.246332 0.75 0.33 Noonan 1 0.26077 0.45 0.51
Syndrome
P5 4 2 0.095214 1 0.3 Noonan 1 0.139438 0.5 0.51
Syndrome
P6 + 3 0.184519 0.75 0.21 Legius 5 0 0.87  0.17
Syndrome
P7 4 1 0.690764 0.99 0.57 LEOPARD 3 0.355832 1 0.21
Syndrome
P8 + 1 0.272886 0.8 0.58 Noonan 3 0.236196 0.55 0.18
Syndrome
P9 4 6 0.107819 0.55 0.14  LEOPARD 7 0.050874 0.92  0.13
Syndrome
P10 + 4 0.169717 0.75 0.17 Noonan 1 0.247422 0.45 0.51
Syndrome
P11 4 6 0.143984 0.75 0.15 Noonan 1 0.209742 0.45 0.51
Syndrome
P12 + 1 0.0717643 1 0.6 LEOPARD 4 0.0586419 1 0.22
Syndrome
P13 4 1 0.111643 0.51 0.55 LEOPARD 4 0.0741118 0.78 0.2
Syndrome
P14 + 8 0.0683091 0.79 0.12 LEOPARD 6 0.0490429 0.9 0.14
Syndrome
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also that may be occur in the intronic region, genetic
analysis should be selected. For this reason, it is rec-
ommended to choose genetics analysis methods such
as next generation sequencing which can detect
changes in the intronic region.

Variants determined by genetic analysis are di-
vided into 5 classes according to ACMG criteria. Class
2 is "Likely pathogenic" and Class 1 is reported as
"Pathogenic". Variants in these two criteria groups are
considered to be responsible for possible disease [24].
Until now, 96 Likely pathogenic and 1753 Pathogenic
variants of the NF1 gene have been reported in the
ClinVar database. Also, more than 2.800 different
pathogenic variants in NF1 gene have been identified
in the University of Alabama cohort [25]. In the liter-
ature, pathogenic mutation detection rate is between
89% and 96% [19, 22, 26]. In this study, as a result of
14 NF1 analyzes, only 1 of them was “likely patho-
genic” which is a novel mutation, while the other 13
analyzes resulted as a "pathogenic" variant (92%). The
detected novel mutation is NF1 ¢.3011 3011delA
p.N10041fs*8. The detected mutation causes
frameshift, creating an early stop codon and it is oc-
curred in exon 23.

With the advances in technology, the success of
medical doctors in diagnosing genetic diseases is in-
creasing. DeepGestalt technology (Face2Gene), which
uses artificial intelligence, is one of them. The success
of this application in diagnosis has been reported to be
86-91% [7, 8]. All NF1 patients analysis results (14/14
- 100%) are in the top-10 suggestion list recommended
by the application. When compared to NF1 patients
and unaffected controls at Face2Gene analysis, signif-
icant result was found (p = 0.032). However, the suc-
cess of the application in distinguishing between NF 1
and non-NF1 RASopathies patients was not signifi-
cant in this study (p = 0.134). The reason for this may
be that not enough RASopathies patients have been
registered to the app. Therefore, next-generation phe-
notyping (NGP) programs such as Face2Gene are rec-
ommended to be used in routine examinations,
especially by medical genetics doctors and pediatri-
cians. In addition, there is an excellent separation
when comparing the Down syndrome and the unaf-
fected control group (p < 0.001). This shows that
Face2Gene's success is high in patients with distinct
dysmorphic facial features.

The brain is the control center of our whole body

like the maestro. Perhaps for this reason, it is protected
by a very tight and protected bone layer that is skull.
Therefore, it was not easy to detect morphological
changes in the brain until MRI was invented. Nowa-
days, we can almost take a picture of the brain with
MRI. NF1 disease also causes some changes in the
brain. In the study by Rosenbaum et al. [27], MRI was
reported as normal in 6.5% of NF1 patients. In our
study, this rate is 28%. This is an example of NF1 pa-
tients can be in a wide spectrum. In genetics, this sit-
uation is described as variable expressivity and NF1
is one of the genetic diseases that have high variable
expressivity [28]. In a study made in Spain in 2019,
arachnoid cysts were detected in 3 (3.5%) of 85 NF1
patients in brain MRI [29]. In our study, arachnoid
cysts were found in 3 (%21) of 14 patients. In the
study of Kelesoglu ef al. [30], hamartomatous lesions
in the central nervous system were reported in 16 of
19 patients (84%) followed up with diagnosed with
NF1 [30]. In our study, this rate was found as 29%. As
can be seen from these rates, it is not possible to diag-
nose NF1 only with MRI. There is no specific brain
MR image for this disease. However, because of this
disease causes various lesions in the brain, brain MRI
may be recommended for all patients diagnosed with
NFI1.

CONCLUSION

One of the most important lessons we learned in
our education at the medical school is that diagnosing
diseases is one step ahead of treating. Because no dis-
ease can be cured without being diagnosed. In the past,
diseases were evaluated generally, but with the ad-
vancement of technology, they can now be evaluated
in more detail and individually. Eric Topol's following
sentence expresses this situation well. Medicine is still
all about treating populations, not people - one-size-
fits all treatments and diagnosis. Therefore, "Next gen-
eration phenotyping" is gaining importance day by day
and helps diagnose diseases.
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