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Abstract
The Koolen-de Vries syndrome (KdVS) is a multisystem syndrome with variable facial features caused by a 17q21.31
microdeletion or KANSL1 truncating variant. As the facial gestalt of KdVS has resemblance with the gestalt of the 22q11.2
deletion syndrome (22q11.2DS), we assessed whether our previously described hybrid quantitative facial phenotyping
algorithm could distinguish between these two syndromes, and whether there is a facial difference between the molecular
KdVS subtypes. We applied our algorithm to 2D photographs of 97 patients with KdVS (78 microdeletions, 19 truncating
variants (likely) causing KdVS) and 48 patients with 22q11.2DS as well as age, gender and ethnicity matched controls with
intellectual disability (n= 145). The facial gestalts of KdVS and 22q11.2DS were both recognisable through significant
clustering by the hybrid model, yet different from one another (p= 7.5 × 10−10 and p= 0.0052, respectively). Furthermore,
the facial gestalts of KdVS caused by a 17q21.31 microdeletion and KANSL1 truncating variant (likely) causing KdVS were
indistinguishable (p= 0.981 and p= 0.130). Further application to three patients with a variant of unknown significance in
KANSL1 showed that these faces do not match KdVS. Our data highlight quantitative facial phenotyping not only as a
powerful tool to distinguish syndromes with overlapping facial dysmorphisms but also to establish pathogenicity of variants
of unknown clinical significance.

Introduction

The Koolen-de Vries syndrome (KdVS) (OMIM #610443),
also known as 17q21.31 microdeletion syndrome or KANSL1-
related intellectual disability syndrome, is a multisystem

disorder characterised by developmental delay, intellectual
disability, distinctive facial features, hypotonia, epilepsy,
amiable behavior and congenital malformations in multiple
other organ systems [1–6].

The clinical spectrum and the facial appearance of KdVS
are variable [4] and the syndrome can be caused either by a
microdeletion in the chromosomal region 17q21.31 or by a
truncating variant in the KAT 8 regulatory NSL complex unit
1 (KANSL1) gene (NG_032784.1) [5, 6]. A previous clinical
study comparing the clinical phenotype of KdVS patients
with either the deletion or the a truncating variant in KANSL1
(33 versus 12 patients respectively) showed a similarity in
phenotypic presentation, including the facial phenotype, for
both molecular subtypes. The facial phenotype, however, was
based on the (subjective) assessment by the clinician, and
prior knowledge of the molecular diagnosis [7].

The most frequently reported findings in the KdVS—
developmental delay and childhood hypotonia—are com-
mon and relatively nonspecific indications for genetic test-
ing. The differential diagnosis of patients with KdVS
consists of several other syndromes such as 22q11.2 dele-
tion syndrome (OMIM #611867), Prader-Willi syndrome
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(OMIM #176270) and Fragile X syndrome (OMIM
#300624) [4, 3].

Especially the 22q11.2 deletion syndrome (22q11.2DS) (the
most common cause of DiGeorge syndrome and velocardio-
facial syndrome) can have similar facial dysmorphisms—such
as a long face, malar flatness, hooded eyelids resulting in the
appearance of narrow palpebral fissures, and hypoplastic alae
nasi accentuating the bulbous nasal tip often accompanied by a
nasal dimple/crease/hemangioma—as KdVS [8–10]. In clinical
practice, when taking the phenotype of a specific patient into
account, it is usually possible to distinguish between these two
conditions.

Several studies using facial recognition tools based on 2D
profile photos have meanwhile shown their successes to help
clinicians in diagnosing intellectual disability syndromes [11–
13]. More recently, we adjusted two existing models to a
hybrid model for quantitative facial phenotyping [14]. This
optimised tool combines the output of two computer vision
algorithms: the ‘Clinical Face Phenotype Space’ [15] and
‘OpenFace’ [16] and has already demonstrated its use to dis-
tinguish KdVS, Schuurs-Hoeijmakers syndrome (PACS1,
OMIM #615009), Jansen-de Vries syndrome (PPM1D, OMIM
#617450) and Chung-Jansen syndrome (PHIP, OMIM
#617991) from an age, gender and ethnicity matched control
cohort of individuals with intellectual disability when com-
paring their 2D photographs [14].

In this study, we tested the ability of this hybrid model to
differentiate between the molecular subtypes of KdVS and to
differentiate between two ID syndromes, KdVS and
22q11.2DS. The latter was specifically chosen as it shows
similarity to KdVS in especially the facial features. In addi-
tion, we determined whether our tool allows to diagnose
patients with a KANSL1 variant of unknown clinical sig-
nificance by exhibiting significant similarity in facial pheno-
type to patients diagnosed with KdVS or matched controls.

Subjects and methods

Data collection

For this study, two test sets were collected, each containing
2D photographs of Caucasian individuals with a confirmed
clinical and molecular diagnosis of either KdVS or
22q11.2DS. All 2D facial photographs were taken from an

approximately frontal position under uncontrolled condi-
tions. The individual 2D photographs used in this study
consist of previously published patients (n= 78)
[4, 5, 7, 17–19] and non-published patients (n= 67).

The KdVS test set consisted of 97 2D photographs, of
which 78 patients were previously diagnosed with a (de
novo) 17q21.31 microdeletion and 19 patients with a var-
iant (likely) causing KdVS in KANSL1 (e.g. class 4 or 5
variant according to ACMG guidelines). Each patient was
represented by one 2D photograph. And although 71 of
these patients were used in a previous study [14], the
method of analysis ensured a patient was analysed without
the use of previously obtained results of other analysis, not
within previous studies, nor from within the same study.
The 22q11.2DS test set consisted of 48 photographs. All
22q11.2DS patients had deletions encompassing 1.5–3.0
Mb, associated with velo-cardio-facial syndrome (OMIM
#188400). The age and gender distribution of the several
analysed (sub)groups are shown in Table 1 and Fig. 1. It is
important to mention that both age (p= 0.813 in the KdVS
cohort and p= 0.477 when comparing the KdVS and
22q11.2DS cohorts) and gender (p= 0.446 and p= 0.482
respectively) did not significantly differ between all inves-
tigated patient groups, since it is known that those char-
acteristics can influence the results.

In a second phase of the project, three patients with a
variant of unknown clinical significance in KANSL1
(ACMG class 3) were analysed to help establish a
conclusive diagnosis using the hybrid facial tool. Of
these, patient 1 had a de novo splice site variant
(NM_001193466.1:c.2542-3C>A) and mRNA sequencing
showed the formation of a new transcript (r.2546_2548del).
This transcript, however, only missed the first three base
pairs of exon 11 (exons are numbered consecutively from 1
to 15 according to NM_001193466.1), leading to an in-
frame deletion of only one amino acid (p.Gln849del). The
transcript was not subject to nonsense mediated decay.
Since only one amino acid is deleted due to this variant, the
variant was still classified as a variant of unknown sig-
nificance, even after RNA sequencing. Patient 2 had a de
novo missense variant (NM_001193466.1:c.1448G>A (p.
(Gly483Glu))), with low level (~15%) mosaicism. Patient 3
had a missense variant (NM_015443.3:c.530A>G p.
(Asn177Ser)) as well, but was adopted and therefore
inheritance of the variant could not be determined.

Table 1 Age and gender
distribution of analysed patients.

Group Female/male (%) Median age (years, 25–75 percentile)

22q11.2DS (n= 48) 28/20 (58%/42%) 7.3 (2.9–18.3)

KdVS (n= 97) 50/47 (52%/49%) 7.0 (3–13)

17q21.31 deletion (n= 78) 42/36 (54%/46%) 7.0 (3.3–13)

KANSL1 variant (n= 19) 8/11 (52%/48%) 6.0 (3.5–12.5)
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For all three patients, our team of clinicians (DK and
BBAdV) initially doubted the diagnosis of KdVS, either
because of the variant and/or the clinical phenotype. To
ensure accessibility, the data of these three new patients
were added to the Leiden Open Variation Database (LOVD,
https://databases.lovd.nl/shared/genes/KANSL1) with sub-
mission IDs #00307401, #00307402 and #00307403.

For both the KdVS and 22q11.2DS patients, 145 age,
gender and ethnicity matched controls were selected. When
analysing a patient with a VUS in KANSL1, an age, gender
and ethnicity matched control for that specific patient was
added. With the introduction of these matched controls,
possible bias introduced by age, gender or ethnicity differ-
ences is overcome. These matched controls were patients
with intellectual disability, seen in the outpatient clinic of
the Radboud University Medical Centre, Nijmegen, the
Netherlands. To ensure anonymity all photographs were
converted into unidentifiable feature vectors before analysis.
This study was approved by the ethics committee of the
Radboudumc (number 2018-4733).

Facial recognition analyses

The 2D photographs were analysed using the hybrid model
for quantitative facial phenotyping, which combines the
facial dysmorphism analysis of the ‘Clinical Face Pheno-
type Space’ pipeline with the facial recognition system of

the ‘OpenFace’ pipeline, as described by van der Donk et al.
[14]. First, we compared the 2D photographs of the
22q11.2DS patients with the KdVS patients, to verify if our
model is able to accurately detect small differences in the
facial phenotype.

After extraction of the hybrid features for each of the 145
patient 2D photographs, the nearest neighbour (Euclidean
distance) for each patient was determined. For both groups
the number of patients for whom the nearest neighbour is
from the same group—assigned as a match—and the
number of patients for whom the nearest neighbour belongs
to the other group—assigned as no match—were deter-
mined. The observed values were compared with our
expected match/no match values, determined by:

nr expectedmatches for group n1 ¼ n1 � 1
n1 þ n2 � 1

� n1

in which n1 represents our first subset of 2D photographs,
corresponding to the KdVS patients, and n2 to the
22q11.2DS patients.

For each outcome, observed and expected frequencies of
matches were compared by calculating the exact goodness
of fit test, because small numbers of 2D photographs were
available for some of the test sets. Our null hypothesis
stated that the number of observed matches is equal to or
lower than the expected number of matches. We calculated
the probability of getting a deviation from the null
hypothesis larger than (or equal to) the observed result and
the p value was set at 0.05.

Results

In total, the 2D photographs of 145 patients were analysed
in this study using the previously described hybrid model
for quantitative facial phenotyping [14].

When comparing the 22q11.2DS patients (n= 48) with all
the KdVS patients (n= 97), we observed significantly more
matches than to be expected by random chance: respectively
25 vs. 15.7 for the 22q11.2DS patients (p= 0.0052) and 90
vs. 64.7 for the KdVS patients (p= 7.5 × 10−10, see Table 2).
This shows that the model can distinguish patients with KdVS
from patients with 22q11.2DS. Performing the same analysis
within the KdVS patient group and comparing patients with
the 17q21.31 microdeletion (n= 78) and patients with a
truncating KANSL1 variant (likely) causing KdVS (n= 19),
no significant difference in observed vs. expected matches
was found (Table 3).

Subsequently, 2D photographs from three patients
identified with a KANSL1 variant of unknown clinical sig-
nificance were separately analysed (Supplementary Clinical
Data; Supplementary Molecular Characteristics; Fig. 2)
within the total cohort of 97 KdVS patients and their

Fig. 1 The ages of our patients. The age distribution of our patient
groups: no significant difference was observed in all.
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matched controls. For all three patients, clinicians initially
doubted the diagnosis of KdVS, because of the phenotype
and facial features. The model provided a phenotypic
readout to support the interpretation of the variants of
unknown clinical significance. We accomplished this by
comparing the Euclidean distance of the patients with a
KANSL1 variant of unknown clinical significance with their
nearest KdVS patient with the Euclidean distance of the
controls and their nearest KdVS patient. With this method,
we checked whether the patients with a KANSL1 variant of
unknown clinical significance were nearer to the controls or

the KdVS patients. Statistical significance was calculated
utilising the Mann–Whitney U test, p value set at 0.05.
None of the three patients clustered significantly within the
KdVS patient group using the nearest neighbour approach
(p= 0.636, 0.144 and 0.877; Table 4).

Discussion

We have previously shown that our hybrid model for
quantitative facial phenotyping can distinguish the facial

Table 3 Results of comparison
of KdVS: 17q21.31
microdeletion vs. KANSL1
variant patients.

Group N Observed
matches

Observed
no match

Expected
matches

Expected
no match

P value

KANSL1 19 3 16 3.6 15.4 0.981

17q21.31 del 78 67 11 62.6 15.4 0.130

Table 2 Results of comparison
of KdVS vs. 22q11.2DS
patients.

Group N Observed
matches

Observed
no match

Expected
matches

Expected
no match

P value

22q11.2DS 48 25 23 15.0 33.0 0.00522

KdVS 97 90 7 66.0 31.0 7.5–10

Fig. 2 Above: two patients with an atypical variant in the KANSL1
gene and the location of their variants in the gene. Below: age and
gender matched KdVS patients with the 17q21.31 microdeletion. Note
the similarity in facial features in the patients with the microdeletion

and the difference with the patients with the atypical variants. Dotted
lines denote the exon boundaries: the digits correspond to the num-
bering of the amino acids of the KANSL1 gene.

A. J. M. Dingemans et al.



phenotype of several intellectual disability syndromes,
respectively Schuurs-Hoeijmakers syndrome (PACS1,
OMIM #615009), Jansen-de Vries syndrome (PPM1D,
OMIM #617450) and Chung-Jansen syndrome (PHIP,
OMIM #617991) from an age and gender matched control
group of patients with intellectual disability [14]. This
model showed to be helpful in ascertaining whether a var-
iant of unknown clinical significance in one of those genes
can be regarded as (possible) pathogenic and thereby cau-
sative. In these initial analyses, the patients were compared
with controls with intellectual disability with a wide range
of dysmorphic features.

To further demonstrate the capabilities of the model, we
here compared two more facially resembling intellectual
disability syndromes: the 22q11.2DS and KdVS. Our ana-
lyses show that the model is able to detect small differences
and differentiate between patients diagnosed with these two
facially overlapping ID syndromes.

Within the KdVS sample our model could not detect any
differences in facial features for either the 17q21.31
microdeletion or KANSL1 loss-of-function variants (likely)
vausing KdVS, thereby statistically quantifying expert
clinical observations that could not discriminate KdVS
caused by KANSL1 variants (likely) causing KdVS or
deletions, in an unbiased way [7].

Moreover, we have looked at three atypical KdVS
patients with variants of unknown clinical significance in
KANSL1—as the classical KdVS patients have truncating
variants in KANSL1. None of the three were quantified as
having the typical facial phenotype associated with KdVS:
our model supported the findings of the clinicians, as none
of the patients with variants of unknown clinical sig-
nificance in KANSL1 clustered significantly with the KdVS
patient group. It should be noted that since most of the
patients in our study are of Caucasian descend, the results of
this algorithm are not (yet) validated in patients with a
different ethnic background.

In conclusion, we further demonstrate the capabilities of
our hybrid model of quantitative facial phenotyping to dif-
ferentiate in the facial phenotype of intellectual disability
syndromes, even in two syndromes with overlapping facial

dysmorphic features. Next to that, we provide further evi-
dence that there is no facially significant difference in KdVS
patients with either the 17q21.31 microdeletion or a truncating
KANSL1 variant and that the model allows to classify variants
of unknown clinical significance in the KANSL1 gene.
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