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smallest region of overlap in 5q31.2 is delineated which con-
tains only 2 genes,  CTNNA1  and  LRRTM2 . We propose  LRRTM2  
as the most promising candidate gene for ID/DD due to its 
expression pattern, function as a key regulator of excitatory 
development, and interaction with Neurexin 1. However, se-
quence analysis of  LRRTM2  in 330 patients with ID/DD re-
vealed no relevant alterations, excluding point mutations in 
 LRRTM2  as a frequent cause of ID/DD in patients without mi-
crodeletions.  Copyright © 2012 S. Karger AG, Basel 

 Molecular karyotyping has become a routine diagnos-
tic test for intellectual disability/developmental delay 
(ID/DD), identifying causative copy-number variations 
(CNVs) with an average detection rate of  1 12% [Miller et 
al., 2010]. However, disease associations for many rare 
CNVs remain unclear, and the dosage-sensitive genes un-
derlying the phenotypes with clear pathogenicity have 
generally not been identified because often the CNVs are 
large and encompass many genes [Cooper et al., 2011].
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 Abstract 

 Microdeletions including 5q31 have been reported in only 
few patients to date. Apart from intellectual disability/devel-
opmental delay (ID/DD) of varying degrees, which is com-
mon to all reported patients, the clinical spectrum is wide 
and includes short stature, failure to thrive, congenital heart 
defects, encephalopathies, and dysmorphic features. We re-
port a patient with a 0.9-Mb de novo deletion in 5q31.2, the 
smallest microdeletion in 5q31 reported thus far. His clinical 
presentation includes mild DD, borderline short stature, 
postnatal microcephaly, and mild dysmorphic signs includ-
ing microretrognathia. Together with data from 7 reported 
overlapping microdeletions, analysis of our patient enabled 
the tentative delineation of a phenotype map for 5q31 dele-
tions. In contrast to the mild phenotype of small microdele-
tions affecting only 5q31.2, carriers of larger microdeletions 
which also include subbands 5q31.1 and/or 5q31.3 seem to 
be more severely affected with congenital malformations, 
growth anomalies, and severe encephalopathies. A 240-kb 
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  Here, we report a male patient with ID, borderline 
growth retardation, postnatal microcephaly, a high-
arched palate, mild dysmorphisms, and a de novo micro-
deletion in 5q31.2. Four previously published patients 
and 3 patients ascertained through the Database of
Chromosomal Imbalance and Phenotype in Humans us -
ing Ensemble Resources (DECIPHER, https://decipher.
sanger.ac.uk/), all with overlapping microdeletions, also 
showed ID/DD. In this report, we contribute to the clini-
cal characterization of 5q31 microdeletions, define a nar-
row phenocritical region, and suggest  LRRTM2  as a can-
didate gene for ID/DD.

  Clinical Report 

 Our patient is a 7 years and 3 months old boy and the third-
born child of healthy, non-consanguineous German parents. Be-
sides 2 family members with attention-deficit disorder and/or 
tics, the family history is unremarkable. After an uneventful preg-
nancy, the patient was born at gestational week 40 with a weight 
of 2,880 g (3rd percentile), length of 49 cm (3rd–10th percentile), 
and occipitofrontal circumference (OFC) of 34 cm (3rd–10th per-

centile). Apgar scores were 10/10. No malformations or other ab-
normalities were apparent. In the newborn period, feeding diffi-
culties and muscular hypotonia were noted by his parents, as well 
as longer sleeping periods than observed for his siblings. Micro-
cephaly was diagnosed at 6 weeks (0.5 cm  ! 3rd percentile).

  The patient showed mild DD, especially concerning language. 
His first words were at 18 months; at 7 years, he used only single 
words. He could sit without support at 12 months and walked in-
dependently at 21 months. At 3 years, developmental assessment 
by MFED (Münchener Funktionelle Entwicklungs-Diagnostik) 
showed a developmental delay of 1.5 years. At this time, the pa-
tient had developed nocturnal awakenings and sometimes showed 
auto-aggressive and hyperactive behaviors, which were treated 
with Methylphenidate.

  A cranial MRI at 2 years and 3 months showed a bilateral hy-
poplasia of cerebellar tonsils. At 5 years, mild hyperopia ( ! 1 dpt) 
and astigmatism were diagnosed, as well as atopic dermatitis.

  On examination at 7 years and 3 months, his weight was 23 kg 
(25th–50th percentile), height 116.5 cm (3rd percentile), and OFC 
50 cm ( ! 3rd percentile). His mouth was open frequently, but no 
muscular hypotonia was apparent. He showed mild DD and slight 
dysmorphisms including deep-set eyes (also present in his par-
ents), a thin upper lip, a high-arched palate, prominent canine 
teeth (also in the father), and mild microretrognathia ( fig. 1 ). Only 
mild digital anomalies were present (2nd and 3rd toes: slight syn-
dactyly; 2nd toes: lateral deviation; 3rd toes: medial deviation; 5th 
toes: hypoplastic nails), as well as 3 café-au-lait spots.

  Results of conventional karyotyping (400-band level), subtelo-
meric screening, fragile X testing, and testing for frequent micro-
deletion syndromes (SALSA MLPA kit P245-A2 Microdeletion 
Syndromes-1, MRC-Holland, Amsterdam, The Netherlands) 
were unremarkable.

  Materials and Methods 

 Genomic DNA from our patient was analyzed using an Illu-
mina Human660W-Quad v1 DNA Analysis BeadChip according 
to the manufacturer’s instructions (Illumina, Inc., San Diego,
Calif., USA). As published previously, CNV calling and real-time 
qPCR were performed to confirm the deletion in the patient and 
determine parental origin [Engels et al., 2009]. In brief, Quan-
tiSNP software version 2.2 was used to determine CNV calls and 
to calculate log Bayes factors as a measure of confidence for each 
CNV call. Using Cartagenia BENCH, a software designed for the 
management and interpretation of CNV data in routine diagnos-
tics and research, all CNV calls with log Bayes factors  ! 7, fewer 
than 5 consecutive markers, and  ! 20 kb were disregarded, as well 
as CNVs without known genes or which were covered entirely by 
benign frequent CNVs according to the Database of Genomic 
Variants (http://projects.tcag.ca/variation/). Primer sequences 
are available upon request.

  Mutational screening of  LRRTM2  was performed on 330 pa-
tients (213 male, 117 female) ascertained at the University Medical 
Genetics Clinics in Bonn (n = 191) and Heidelberg (n = 139), Ger-
many, including 177 with mild ID/DD (IQ  1 50) and 126 with 
moderate to severe ID/DD. In 27 patients, the degree of retarda-
tion could not be measured, mostly because of their young age 
(median: 9.5 months). Although the index patient showed only 

A B

DC

  Fig. 1.  Our patient at the age of 7 years and 3 months.  A  Lateral 
right: mild microretrognathia, deep-set eyes.  B  Frontal: thin up-
per lip, pointed canine teeth.  C ,  D  Feet and hands: minor digital 
anomalies. 
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mild DD, slight dysmorphisms and no malformations, the pres-
ence of more severe phenotypes cannot yet be excluded for poten-
tial point mutation carriers. Thus, the 330 patients were not pre-
selected clinically (non-syndromal/isolated ID/DD: n = 95 (29%); 
syndromal ID/DD: n = 235 (71%), including 70 (21%) with mal-
formations). Standard evaluation consisted of detailed clinical in-
vestigation, conventional karyotyping (n = 300 patients, 91%), and 
exclusion of clinically recognizable syndromes with known etiol-
ogy. Fragile X syndrome had been tested for and excluded in 176 
patients (53%). In 277 individuals (84%), molecular karyotyping 
had been performed using Affymetrix, Illumina, or Agilent array 
platforms without detecting any obvious pathogenic aberrations.

   LRRTM2  was sequenced in the index patient and in 330 pa-
tients with ID/DD using either genomic or whole genome ampli-
fied DNA (REPLI-g WGA kit, Qiagen, Hilden, Germany). Segre-
gation of a sequence alteration not listed in dbSNP was analyzed 
by sequencing parental DNA, if available. Coding exons and 
exon/intron boundaries of all isoforms were amplified; primer 
sequences are available upon request. Amplicons were sequenced 
unidirectionally using Big Dye Terminator v1.1 and a 3500xL Ge-
netic Analyzer (Applied Biosystems, Foster City, Calif., USA). 
DNA sequences were compared to reference assembly GRCh36. 
Similarly, the  SIL1  gene was sequenced in the index patient.

  Results 

 For our patient, molecular karyotyping revealed a 0.9-
Mb heterozygous deletion in chromosome 5q31.2 (chr5:  
 137,750,721–138,687,057; GRCh36) containing 9 known 
genes:  KDM3B, REEP2, EGR1, ETF1, HSPA9, CTNNA1, 
LRRTM2, SIL1  and  MATR3 . Quantitative PCR analyses 
of the patient and his parents demonstrated a de novo oc-
currence. Although none of the patients with deletions 
including  SIL1  presented with typical clinical signs of 
Marinesco-Sjögren syndrome, an autosomal recessive 
disorder characterized by cerebellar ataxia, early-onset 
cataracts, ID, and muscular hypotonia, mutations in the 
remaining  SIL1  allele were excluded by DNA sequencing 
in our patient. We sequenced  LRRTM2 , the most promis-
ing candidate gene for ID in the smallest region of overlap 
(SRO), in 330 patients. Besides one known SNP found in 
20 patients (rs11744283), no coding region mutation in 
 LRRTM2  was detected. In 6 patients, a novel heterozy-
gous alteration in intron 1 was detected (c.4 + 74A 1 G).
In silico programs (http://www.fruitfly.org/seq_tools/
splice.html) predicted no effect on mRNA splicing. Pa-
rental DNA from one of the 6 patients was available for 
sequencing, and the c.4 + 74A 1 G alteration was also de-
tected in the healthy mother. This suggests no obvious 
association between the c.4  +  74A 1 G alteration and the 
occurrence of ID.

  Discussion 

 Only few patients with de novo microdeletions encom-
passing 5q31 have been reported. The observed character-
istic features include short stature, failure to thrive, ID/
DD, hypotonia, club feet, dislocated hips, and character-
istic dysmorphic features including prominent forehead, 
telecanthus/hypertelorism, anteverted nares, cleft or 
high-arched palate, micro-/retrognathia, and ear abnor-
malities [Rosenfeld et al., 2011]. The reported microdele-
tions range from 1.6 to 8.1 Mb and no common SRO has 
been reported [Mosca et al., 2007; Rosenfeld et al., 2011].

  We describe a male patient with the smallest de novo 
microdeletion (0.9 Mb) involving 5q31.2 reported thus 
far. His phenotype is relatively mild, with mild DD espe-
cially concerning language, microcephaly, borderline 
short stature with height on the 3rd percentile, muscular 
hypotonia, and rather mild dysmorphisms including 
mild microretrognathia and a high palate.

  Overlapping microdeletions have been reported in 7 
additional patients: 5 are either ‘pure’ deletions (i.e. with-
out other accompanying CNVs) or only accompanied by 
a most likely benign second aberration [DECIPHER 
249097 and 248784; Mosca et al., 2007; Rosenfeld et al., 
2011, patient 3; Shimojima et al., 2011], whereas 2 carry 
relevant additional CNVs [DECIPHER 249028; Rosen-
feld et al., 2011, patient 1]. In 4 patients the microdeletions 
are rather large (5.0–8.1 Mb) and extend either proximal-
ly into 5q31.1, distally into 5q31.3, or both. In 3 patients 
the deletions are confined to 5q31.2, as in our patient 
( fig. 2 ,  table 1 ). Interestingly, one of the latter 3 patients 
showed clinical features similar to our patient, namely 
mild DD, short stature, microretrognathia, and the ab-
sence of malformations [Mosca et al., 2007].

  Two patients were identified in DECIPHER. Male pa-
tient 248784 has an overlapping 1.6-Mb deletion in 
5q31.2, with reported clinical signs including muscular 
hypotonia and feeding difficulties, as well as DD (pers. 
commun.). The 5q31.2 deletion in female patient 249097 
spans 2.1 Mb, with reported clinical signs including DD/
speech delay, short stature, and micrognathia. This pa-
tient also carries a second, likely benign 300-kb de novo 
duplication in 6p22.1. Three factors argue in support of a 
negligible or comparably small phenotypical influence of 
this second CNV: (1) duplications are widely believed to 
influence gene dosage less frequently than deletions [Vei-
tia and Birchler, 2010]; (2) evidence of a de novo occur-
rence of a CNV alone is insufficient for its causality, es-
pecially for small CNVs such as the 300-kb duplication in 
question [Vermeesch et al., 2011]; (3) the duplication con-
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tains only 6 RefSeq genes, 4 of which are olfactory recep-
tor genes which are known to be very copy-number vari-
able [Waszak et al., 2010], and 2 of which are only provi-
sional/predicted genes.

  Taken together with the clinical similarities to patients 
with ‘pure’ deletions, the phenotypic influence of the 
5q31.2 deletion in DECIPHER patient 249097 is likely 
predominant enough to include this patient, although a 
minor influence of the second CNV on the patient’s phe-
notype cannot be excluded entirely.

  The phenotype associated with larger overlapping de-
letions that extend distally into 5q31.3 is more severe and 
appears distinguishable from the clinical picture report-
ed here and by Mosca et al. [2007] for deletions concern-
ing only 5q31.2. Patient 1 reported by Shimojima et al. 
[2011] carries a 5-Mb deletion in 5q31.2q31.3 and has
severe ID/DD, encephalopathy, severe hypotonia, pro-

nounced postnatal microcephaly, congenital heart de-
fects, and distinctive facial features ( table 1 ). Patient 2 in 
the same report displayed a similar, severe phenotype, 
but had a more distal deletion that does not overlap the 
deletion in our patient. Thus, Shimojima and colleagues 
attributed the severe phenotype common to these 2 pa-
tients to a more distal region in 5q31.3, which does not 
overlap the deletion found in our patient. DECIPHER 
contains an entry for a second patient with an overlap-
ping microdeletion that extends distally: patient 249028 
is reported to display ID/DD, hypotonia, patent ductus 
arteriosus, trachea/laryngeal anomalies, and coarse fa-
cial features. Here, a genotype-phenotype correlation is 
complicated by a second, non-overlapping de novo dele-
tion in 5q31.1q31.2 containing 11 RefSeq genes.

  Rosenfeld et al. [2011] report a patient (patient 1) with 
a larger deletion that extends proximally into 5q31.1 

  Fig. 2.  Schematic representation of the 5q31.1q31.3 deletions. The dashed red line defines the smallest region of 
overlap (SRO) of the 6 deletions which are not accompanied by additional relevant imbalances. The grey box 
represents a magnification of the SRO. Genes within the SRO are depicted by blue bars with the arrows indicat-
ing transcription direction. Dashed bars: genes/deletions extend further. All positions are according to assem-
bly GRCh36. 



 Kleffmann et al.

 

Mol Syndromol 2012;3:68–7572

Th
is 

re
po

rt
D

EC
IP

H
ER

Pa
tie

nt
 2

49
09

7
M

os
ca

 e
t a

l. 
[2

00
7]

D
EC

IP
H

ER
Pa

tie
nt

 2
48

78
4

Sh
im

oj
im

a 
et

 a
l. 

[2
01

1]
Pa

tie
nt

 1

D
EC

IP
H

ER
Pa

tie
nt

 2
49

02
8

Ro
se

nf
el

d 
et

 a
l. 

[2
01

1]
Pa

tie
nt

 3

Ro
se

nf
el

d 
et

 a
l. 

[2
01

1]
Pa

tie
nt

 1

O
ve

rla
pp

in
g 

de
le

tio
n

Po
sit

io
n

ch
r5

:1
37

,7
50

,7
21

–
13

8,
68

7,
05

7
ch

r5
:1

36
,1

59
,8

81
–

13
8,

27
7,

83
9

ch
r5

:1
36

,8
86

,5
34

–
13

8,
71

7,
85

3
ch

r5
:1

38
,0

11
,4

34
–

13
9,

59
2,

82
0

ch
r5

:1
37

,5
38

,7
88

–
14

2,
57

4,
71

9
ch

r5
:1

38
,2

34
,7

25
–

14
5,

17
2,

06
5

ch
r5

:1
31

,8
57

,5
87

–
13

9,
91

5,
44

6
ch

r5
:1

32
,4

13
,2

16
–

13
8,

48
9,

95
6

Su
bb

an
d

5q
31

.2
5q

31
.2

5q
31

.2
5q

31
.2

q3
1.

3
5q

31
.2

q3
1.

3
5q

31
.2

q3
2

5q
31

.1
q3

1.
3

5q
31

.1
q3

1.
2

Si
ze

, M
b

0.
9

2.
1

1.
8

1.
6

5.
0

7.
0

8.
1

6.
1

N
um

be
r o

f p
ro

te
in

 
co

di
ng

 R
ef

Se
q 

ge
ne

s
9

21
23

16
95

89
84

52

A
dd

iti
on

al
 d

e 
no

vo
 

im
ba

la
nc

es
no

ne
du

pl
ic

at
io

n
no

ne
no

ne
no

ne
de

le
tio

n
no

ne
de

le
tio

n

Po
sit

io
n

ch
r6

:2
9,

03
2,

50
8–

29
,3

33
,7

74
ch

r5
:1

35
,2

57
,6

30
–

13
6,

98
2,

62
0

ch
r5

:5
3,

47
4,

04
9–

54
,5

93
,8

63
Su

bb
an

d
6p

22
.1

5q
31

.1
q3

1.
2

5q
11

.2
Si

ze
, M

b
0.

3
1.

7
1.

1
N

um
be

r o
f p

ro
te

in
 

co
di

ng
 R

ef
Se

q 
ge

ne
s 

5
8

10

A
ge

 a
t e

xa
m

in
at

io
n

7 
ye

ar
s 3

 m
on

th
s

1 
ye

ar
1 

ye
ar

 1
1 

m
on

th
s

<1
 y

ea
r

1 
ye

ar
 6

 m
on

th
s

n.
r.

ne
w

bo
rn

10
 y

ea
rs

Se
x

m
al

e
fe

m
al

e
fe

m
al

e
m

al
e

m
al

e
fe

m
al

e
m

al
e

m
al

e

D
ev

el
op

m
en

ta
l d

el
ay

+
+

+
+*

+
+

n.
a.

+

Sp
ee

ch
Fi

rs
t w

or
ds

 a
t a

ge
de

la
ye

d
18

 m
on

th
s

de
la

ye
d

n.
r.

de
la

ye
d

14
 m

on
th

s
n.

a.
n.

a.
n.

r.
n.

a.
de

la
ye

d
n.

r.

W
al

ki
ng

 a
ge

21
 m

on
th

s
16

 m
on

th
s

n.
a.

n.
a.

n.
r.

n.
a.

3 
ye

ar
s 6

 m
on

th
s

Le
ng

th
/h

ei
gh

t 
pr

op
or

tio
na

te
 

sh
or

t s
ta

tu
re

A
t b

ir
th

P 
3–

10
P 

25
–5

0
n.

r.
+0

.5
 S

D
n.

r.
n.

r.
P 

10
A

t e
xa

m
in

at
io

n
P 

3
<P

 3
n.

r.
–1

.6
 S

D
n.

r.
n.

a.
<<

P 
3

W
ei

gh
t 

A
t b

ir
th

P 
3

n.
r.

P 
3–

10
n.

r.
–0

.3
 S

D
n.

r.
P 

10
–2

5
<P

 3
A

t e
xa

m
in

at
io

n
P 

25
–5

0
n.

r.
<P

 3
n.

r.
–1

.7
 S

D
n.

r.
n.

a.
<P

 3

O
FC

A
t b

ir
th

P 
3–

10
n.

r.
P 

3–
10

n.
r.

+1
.3

 S
D

n.
r.

P 
10

–2
5

P 
50

A
t e

xa
m

in
at

io
n

<P
 3

n.
r.

>P
 2

5
n.

r.
–3

.0
 S

D
n.

r.
n.

a.
<P

 3

C
ra

ni
al

 M
RI

/C
T 

fin
di

ng
s

bi
la

te
ra

l
hy

po
pl

as
ia

 o
f 

ce
re

be
lla

r t
on

sil

n.
r.

–
n.

r.
se

ve
re

ly
 d

el
ay

ed
re

du
ce

d 
ce

re
br

al
 v

ol
um

e 
m

ye
lin

at
io

n

n.
r.

-
hy

dr
oc

ep
ha

lu
s, 

ot
he

rw
ise

 n
or

m
al

Pa
la

te
 a

no
m

al
ie

s
(+

) (
hi

gh
)

n.
r.

–
n.

r.
(+

) (
hi

gh
)

n.
r.

+ 
(c

le
ft

)
+ 

(c
le

ft
)

M
us

cu
la

r h
yp

ot
on

ia
(+

)
n.

r.
n.

r.
+

+
+

+
+

Fe
ed

in
g 

di
ffi

cu
lti

es
(+

)
n.

r.
n.

r.
+

+
n.

r.
n.

r.
+

C
on

ge
ni

ta
l h

ea
rt

 
de

fe
ct

–
n.

r.
–

n.
r.

PD
A

, s
m

al
l V

SD
PD

A
m

ul
tip

le
 V

SD
s,

A
SD

, P
D

A
V

SD

T
a

b
le

 1
. 
 Su

m
m

ar
y 

of
 c

lin
ic

al
 fe

at
ur

es
 o

bs
er

ve
d 

in
 in

di
vi

du
al

s w
ith

 m
ic

ro
de

le
tio

ns
 o

f 5
q3

1.
1q

31
.2



 5q31.2 Candidate Region for ID Mol Syndromol 2012;3:68–75 73

Th
is 

re
po

rt
D

EC
IP

H
ER

Pa
tie

nt
 2

49
09

7
M

os
ca

 e
t a

l. 
[2

00
7]

D
EC

IP
H

ER
Pa

tie
nt

 2
48

78
4

Sh
im

oj
im

a 
et

 a
l. 

[2
01

1]
Pa

tie
nt

 1

D
EC

IP
H

ER
Pa

tie
nt

 2
49

02
8

Ro
se

nf
el

d 
et

 a
l. 

[2
01

1]
Pa

tie
nt

 3

Ro
se

nf
el

d 
et

 a
l. 

[2
01

1]
Pa

tie
nt

 1

Sk
el

et
al

 a
no

m
al

ie
s

–
n.

r.
n.

r.
n.

r.
–

n.
r.

+ w
id

el
y 

op
en

 
an

te
ri

or
 fo

nt
an

el
le

, 
sa

cr
al

 a
no

m
al

y,
 

jo
in

t h
yp

er
m

o-
bi

lit
y

+ hi
p 

dy
sp

la
sia

, 
ne

ur
om

us
cu

la
r 

sc
ol

io
sis

, s
te

rn
al

 
as

ym
m

et
ry

, d
el

ay
ed

 
bo

ne
 a

ge

H
an

d 
an

om
al

ie
s

–
n.

r.
–

n.
r.

+ po
st

ax
ia

l p
ol

yd
ac

ty
ly

n.
r.

+ pr
ea

xi
al

 p
ol

yd
ac

-
ty

ly
, l

on
g 

fin
ge

rs
/

th
um

bs
, s

in
gl

e 
fle

xi
on

 c
re

as
e 

of
 5

th
 fi

ng
er

, u
ln

ar
 

de
vi

at
io

n 
of

 h
an

ds

+ di
st

al
ly

 b
ro

ad
en

ed
, 

lo
ng

 fi
ng

er
s

Fo
ot

 a
no

m
al

ie
s

+ bi
la

te
ra

l m
ild

 
sy

nd
ac

ty
ly

 o
f 

2nd
/3

rd
 to

es

n.
r.

–
n.

r.
–

n.
r.

+ cl
ub

 fe
et

, l
on

g 
to

es
, 

w
ith

 h
yp

op
la

st
ic

 
na

ils
, b

ul
bo

us
 ti

ps
of

 g
re

at
 to

es
, 

du
pl

ic
at

ed
 le

ft 
ha

llu
x

+ lo
ng

 to
es

, s
m

al
l 

gr
ea

t t
oe

na
ils

, 
bi

la
te

ra
l m

et
at

ar
su

s 
ad

du
ct

us

Fa
ci

al
 a

no
m

al
ie

s
de

ep
-s

et
 e

ye
s, 

th
in

 u
pp

er
 li

p,
 

m
ild

ly
 

an
te

ve
rt

ed
 n

ar
es

, 
pr

om
in

en
t 

ca
ni

ne
te

et
h 

(a
lso

 in
 

th
e 

fa
th

er
), 

m
ild

 
m

ic
ro

re
tr

og
na

th
ia

up
sla

nt
in

g 
pa

lp
eb

ra
l 

fis
su

re
s, 

sm
al

l 
m

an
di

bl
e/

m
ic

ro
gn

at
hi

a

up
sla

nt
in

g 
pa

lp
eb

ra
l f

iss
ur

es
, 

hy
pe

rt
el

or
ism

, 
an

te
ve

rt
ed

 n
ar

es
, 

do
w

n-
tu

rn
ed

 
co

rn
er

s o
f t

he
 

m
ou

th
, 

m
ic

ro
re

tr
og

na
th

ia

n.
r.

na
rr

ow
 fo

re
he

ad
, 

bi
la

te
ra

l p
to

sis
, 

ep
ic

an
th

ic
 fo

ld
s, 

lo
w

-s
et

 
an

d 
ab

no
rm

al
 a

ur
ic

le
s, 

de
pr

es
se

d 
na

sa
l b

ri
dg

e,
 

an
te

ve
rt

ed
 n

ar
es

, l
on

g 
ph

ilt
ru

m
, e

de
m

at
ou

s 
ch

ee
ks

, t
en

te
d 

up
pe

r 
ve

rm
ili

on

co
ar

se
 fa

ci
al

 
fe

at
ur

es
br

oa
d 

fo
re

he
ad

, 
hy

pe
rt

el
or

ism
, 

lo
w

-s
et

 e
ar

s, 
re

du
ce

d 
up

pe
r 

he
lix

, s
ev

er
e 

m
ic

ro
gn

at
hi

a,
 

sh
or

t n
ec

k

do
w

ns
la

nt
in

g 
pa

lp
eb

ra
l f

iss
ur

es
, 

ep
ic

an
th

al
 fo

ld
s, 

m
ild

 h
yp

er
te

lo
ri

sm
, 

po
st

er
io

rly
 ro

ta
te

d 
ea

rs
, p

ro
m

in
en

t 
he

lic
es

, p
ro

m
in

en
t 

na
sa

l b
ri

dg
e,

 lo
ng

 
ph

ilt
ru

m
, p

ea
ke

d 
up

pe
r l

ip
, 

m
ic

ro
gn

at
hi

a

O
ph

th
al

m
ol

og
ic

al
 

fin
di

ng
s

hy
pe

ro
pi

a,
 

as
tig

m
at

ism
n.

r.
–

n.
r.

–
n.

r.
-

st
ra

bi
sm

us
, c

or
ne

al
 

cl
ou

di
ng

, m
yo

pi
a,

 
as

tig
m

at
ism

O
th

er
s

3 
ca

fé
-a

u-
la

it
sp

ot
s, 

au
to

ag
gr

es
siv

e 
ep

iso
de

s, 
fo

rm
er

ly
: 

no
ct

ur
na

l 
aw

ak
en

in
gs

n.
r.

n.
r.

hy
po

re
fle

xi
a,

 
hi

st
or

y 
of

 a
pn

ea
pe

ri
ph

er
al

 n
eu

ro
pa

th
y

tr
ac

he
a 

or
 la

ry
ng

ea
l 

an
om

al
ie

s
m

ic
ro

ph
al

lu
s, 

hy
dr

on
ep

hr
os

is
gr

ow
th

-h
or

m
on

e 
de

fic
ie

nc
y,

 m
ild

 
hi

gh
-f

re
qu

en
cy

 
he

ar
in

g 
lo

ss

A
SD

 =
 A

tr
ia

l s
ep

ta
l d

ef
ec

t; 
EE

G
 =

 e
le

ct
ro

en
ce

ph
al

og
ra

ph
y;

 P
 =

 p
er

ce
nt

ile
; P

D
A

 =
 p

er
si

st
en

t d
uc

tu
s a

rt
er

io
su

s; 
V

SD
 =

 v
en

tr
ic

ul
ar

 se
pt

al
 d

ef
ec

t; 
* =

 p
er

so
na

l c
om

m
un

ic
at

io
n;

 +
 =

 p
re

se
nt

; 
(+

) =
 p

re
se

nt
 tr

an
si

en
tly

 o
r m

ild
ly

; –
 =

 a
bs

en
t; 

n.
r. 

= 
no

t r
ep

or
te

d;
 n

.a
. =

 n
ot

 a
na

ly
ze

d;
 b

ol
d 

ch
ar

ac
te

rs
 =

 c
om

m
on

 c
lin

ic
al

 fi
nd

in
gs

; p
os

iti
on

s a
cc

or
di

ng
 to

 G
RC

h3
6.

T
a

b
le

 1
 (c

on
tin

ue
d)



 Kleffmann et al.

 

Mol Syndromol 2012;3:68–7574

( fig. 2 ,  table 1 ). Besides DD, he also presented with hydro-
cephalus, cleft palate, bilateral hip dysplasia, pronounced 
postnatal short stature, microcephaly, and dysmorphic 
features. In addition to a 6.1-Mb deletion in 5q31.1q31.2, 
he also carried a 1.1-Mb deletion of 5q11.2 that contains 
14 genes and could likely influence his phenotype. Patient 
3 in the same report was diagnosed with an 8.1-Mb dele-
tion in 5q31.1q31.3 that extends further both proximally 
and distally compared to our patient [Rosenfeld et al., 
2011]. This newborn male displayed multiple congenital 
anomalies including a large cleft palate, severe microgna-
thia, preaxial polydactyly, club feet, a duplicated hallux, 
multiple septal heart defects, significant hypotonia, and 
several dysmorphic features.

  Although these tentative genotype-phenotype corre-
lations are based on a small number of patients, the clin-
ical pictures of 5q31 microdeletions may fall into 3 distin-
guishable categories. The phenotype of small medial mi-
crodeletions concerning 5q31.2 only, such as the deletion 
reported here and by Mosca et al. [2007], seems to be rel-
atively mild, with mild DD, no malformations, mild or 
borderline short stature, and rather nonspecific dysmor-
phic signs. In contrast, in patients with larger deletions 
also affecting proximal subband 5q31.1 [Rosenfeld et al., 
2011], postnatal short stature appears to be more pro-
nounced, and congenital heart defects, cleft palate, and 
skeletal abnormalities of hands and feet may be present. 
Microdeletions that extend distally into subband 5q31.3 
appear to be associated with a combination of severe ID/
DD, typical cranial MRI findings, and characteristic fa-
cial features. Although the 8 patients with overlapping 
microdeletions in 5q31 do not have a common recogniz-
able phenotype, all patients in which the psychomotor 
development could be assessed displayed ID/DD, which 
often especially concerns language development.

  The SRO of the 6 ‘pure’ microdeletions is 240 kb and 
contains only 2 genes:  CTNNA1  (partial)  and LRRTM2 
 ( fig. 2 ).  CTNNA1  is an unlikely candidate gene for ID due 
to its function as a tumor suppressor gene [Shibata et al., 
2007] and its low probability for haploinsufficiency (score 
22%) [Huang et al., 2010]. However,  LRRTM2  (leucine- 
rich repeat transmembrane neuronal protein 2) is an ex-
cellent candidate gene for DD/ID, as it is a key regulator 
of excitatory synapse development and function and has 
a predicted very high probability for haploinsufficiency 
(score 7.4%) [Huang et al., 2010].  Lrrtm2  is expressed in 
the neural tube during mouse embryogenesis in mid-ges-
tation [Haines and Rigby, 2007]. It induces presynaptic 
differentiation and LRRTM2-Neurexin 1 interaction 
plays a critical role in regulating excitatory synapse de-

velopment [de Wit et al., 2009]. Neurexin 1 plays an im-
portant role in autism and schizophrenia [Rujescu et al., 
2009] as well as in ID/DD [Zweier et al., 2009]. We there-
fore propose  LRRTM2  as a promising candidate gene for 
ID/DD in patients with 5q31.2 microdeletions.

  We did not identify any additional patients with over-
lapping deletions amongst the 1,891 patients with ID/DD 
in the German MRNET (Mental Retardation Network 
Database, http://www.german-mrnet.de). Therefore, we 
performed mutational screening of  LRRTM2  in 330 pa-
tients with ID/DD. One known SNP (rs11744283) was 
found in 20 patients and 1 novel intronic alteration in 6 
patients; we determined that the novel sequence altera-
tion is likely benign. Thus, we did not identify a causative 
mutation in the coding region of  LRRTM2,  excluding 
mutations as a frequent cause of ID/DD in patients with-
out microdeletions. Although no additional pathogenic 
mutations of  LRRTM2  were detected, we consider 
 LRRTM2  haploinsufficiency as the most probable cause 
for ID/DD in our patient and the patients with small over-
lapping deletions. Mutation screening in a larger cohort 
may be necessary to detect rare  LRRTM2  mutations.

  In conclusion, we present the smallest microdeletion 
in 5q31 reported to date, and present evidence for a 240-
kb critical region. We propose that  LRRTM2  is   a candi-
date gene for mild to moderate ID/DD in 5q31.2 micro-
deletions. The phenotype of small microdeletions con-
cerning 5q31.2 only, such as the deletion in our patient, 
seems to be relatively mild, with mild ID/DD, no malfor-
mations, and rather nonspecific dysmorphic signs. The 
analysis presented herein contributes considerably to the 
genotype-phenotype correlation for microdeletions in 
5q31.
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