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Detection of submicroscopic aberrations in patients
with unexplained mental retardation by fluorescence
in situ hybridization using multiple subtelomeric

probes
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Purpose: To further assess the frequency of subtelomeric aberrations in a selected population and to examine the
feasibility of a clinical testing. Methods: Patients were selected based on the following criteria: (1) mental
retardation (IQ < 70) or developmental delay with dysmorphic features; (2) a normal karyotype at the level of
resolution of 450 to 500 bands; and (3) exclusion of other possible etiologies by a full genetic assessment and
relevant tests. Fluorescence in situ hybridization (FISH) was performed using multiple subtelomeric probes.
Abnormal findings were confirmed by 24-color spectral karyotyping or FISH with a specific subtelomeric probe, and
family studies were carried out to determine inheritance. Results: Clinically significant aberrations were detected
in 6 of 150 proband patients (4%), while deletion of the 2q subtelomeric region appeared to be a common variant
(6%). Conclusions: FISH with multiple subtelomeric probes is a valuable clinical test for establishing a definitive
diagnosis for patients with unexplained mental retardation/developmental disorders. Genet Med 2001:3(6):416 -
421.
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Approximately 1 of 500 phenotypically normal individuals
have a visible balanced chromosomal rearrangement when an-
alyzed at the resolution level of 400 bands.! Empiric data sug-
gest that the least unbalanced gametes are the most likely to
produce a viable chromosomally abnormal conceptus.? The
regions near the chromosome ends are usually gene rich,? and
many cryptic translocations involving the terminal bands have
been described.*-1* A complete set of probes specific to each
human subtelomeric region was isolated in 1996.1> Soon after,
a FISH procedure using 41 subtelomeric probes for all 24 dif-
ferent chromosomes was developed.'®!” FISH with multiple
subtelomeric probes has been proven to be useful in the study
of patients with idiopathic mental retardation. However, the
reported frequency of subtelomeric abnormalities in this pop-
ulation has been inconsistent.'8-25 This study is to further as-
sess the frequency of subtelomeric aberrations in patients with
developmental disabilities and to determine the feasibility of
using this technology in clinical testing.
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MATERIALS AND METHODS

Patients

All patients were selected by clinical geneticists according to
the following criteria: (1) moderate to severe mental retarda-
tion (IQ < 70) or developmental delay with dysmorphic fea-
tures and/or congenital malformations; (2) a normal karyo-
type at the level of resolution of >450 bands; (3) exclusion of
other possible etiologies by a full genetic assessment and rele-
vant tests, for example, Fragile X syndrome being excluded by
DNA testing or a microdeletion syndrome, if suspected, being
excluded by FISH with specific DNA probes. A total of 150
patients were entered into this study.

FISH with Cytocell Multiprobe-T system

The Cytocell Multiprobe-T system (Cytocell, Ltd., Oxford-
shire, UK) were used in this study. The system includes a tem-
plate slide and a hybridization device containing 41 probes
specific to all the subtelomeric regions of human chromo-
somes, with the exception of the short arms of chromosomes
13,14, 15, 21, and 22, as they lack unique sequences. There are
24 hybridization surfaces (bosses) in the device containing
probes for each of the chromosome arms, allowing simulta-
neous hybridization of all 41 probes to the template chromo-
some slide.’¢ The short arm probes are directly labeled with
FITC (green) and the long arm probes with Texas Red (red).
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The protocols recommended by the manufacturer were fol-
lowed with slight modifications, according to the results of
each particular batch of probes and devices. For each chromo-
some, 5 to 10 metaphases were analyzed. More than 10 cells
were analyzed for the particular chromosome if a deletion was
detected.

Spectral karyotyping

Spectral karyotyping (SKY) was performed as previously de-
scribed?® for the patient and the parents when a rearrangement
was detected by FISH using the Multiprobe-T system.

FISH with Vysis probes

FISH was performed using individual subtelomeric probes
produced by Vysis, Inc. (Downers Grove, IL) for the patient
and the parents when a deletion was detected. The protocols
recommended by the manufacturer were used.

High resolution G-banding

Chromosomes were re-examined at a higher level of resolu-
tion for the abnormal cases if the previous analysis was at a
resolution lower than 500 bands.

Clinical and family studies

The clinical features of the patients with subtelomeric aber-
rations were recorded. For the cases with a 2q deletion, parents
and other family members were examined and their pheno-
types were compared.

RESULTS

Frequency

Subtelomeric alterations were detected in 15 of 150 proband
patients (10%). Among the abnormal cases, four had an un-
balanced cryptic rearrangement (2.7%), two had a 1ptel dele-
tion (1.3%), and nine had a 2qtel deletion (6%). The frequency
of subtelomeric aberrations was 4% in this study population
when the cases with 2qtel deletion were excluded.

Aberrations and clinical features

The karyotypes of the abnormal cases were described in
combining the results of multi-telomere FISH, conventional
G-banding analysis, SKY, and parental studies (Figs. 1 and 2).
The abbreviated term tel was used in the nomenclature to rep-
resent the subtelomeric region. The loci for which probes were
used!” were not included in the descriptions of aberrations
except for the 2q deletion.

Case 1

46,XX. ish der(1)t(1;3)(qtel;qtel), representing a deletion of
1qtel and a partial trisomy of 3qtel. The der(1) was also de-
tected by SKY, and the translocated segment was identified to
be originating from chromosome 3. This 33-month-old girl
was the only child of the couple and presented with severe
developmental delay and a left occipitoparietal stroke. Both
her birth weight and head circumference were on the 10th
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centile. She had multiple congenital malformations including
cleft palate, mild talipes equinovarus, agenesis of the corpus
callosum, tethered cord, and aqueductal stenosis with Chiari I
malformation. Her dysmorphic features included squared
forehead, bilateral epicanthal folds, anteverted nares, promi-
nence over the metopic suture, oval-shaped left iris, smooth
philtrum, deeply grooved tongue, unilateral fused lower cen-
tral and lateral incisors, downturned corners of mouth, micro-
gnathia, and lumbar lordosis. She also had seizures starting at
10 months. SKY for the father revealed a reciprocal transloca-
tion t(1;3)(qtel;qtel), which could not be identified by G-band-
ing at the level of 550 bands. There was no family history of
recurrent miscarriages or stillbirth.

Case 2

46, XX. ish der(18)t(7;18)(ptel;qtel), representing a deletion
of 18qtel and a partial trisomy of 7ptel. The small segment
translocated onto der(18) was clearly identified by SKY to be
originating from chromosome 7. The patient presented at 18
years with profound mental retardation, severe growth restric-
tion, failure to undergo puberty, and behavior problems. Her
dysmorphic features included microcephaly, cleft palate, bilat-
eral ptosis, hypertelorism, epicanthal folds, wide low nasal
bridge, anteverted nares and downturned corners of the
mouth, camptodactyly of the fingers, scoliosis, and bilateral
talipes equinovarus. She also had pulmonary stenosis, wasting
of the calf muscles, hypotonia, and severe periodontal disease.
Hypothyroidism developed at age 15 years. SKY for the mother
revealed a reciprocal translocation t(7;18)(ptel;qtel), which
was not identifiable with G-banding analysis at the level of 550
bands. However, the mother did not have a history of recurrent
miscarriages or stillbirths.

Case 3

46,XX. ish der(4)t(4;12)(ptel;qtel), representing a deletion
of 4ptel and a partial trisomy of 12qtel. The derivative chromo-
some 4 was detected by SKY, but the origin of the translocated
segment on the der(4) was too small to be identified with cer-
tainty. A subtle difference at the 4p terminal region was noted
in a repeat G-banding analysis at the level of >650 bands. The
patient was a newborn, delivered from a 29-year-old mother
who had six previous first trimester losses and three other chil-
dren with different partners. Amniocentesis was performed for
intrauterine growth retardation, and a normal karyotype was
reported. The baby presented with hypotonia, feeding difficul-
ties, and dysmorphic features, including prominent eyes with
heavy eyelids, epicanthal folds, downslanting eye fissures, tele-
canthus, relatively large mouth, short philtrum, prominent cli-
toris, and bowed tibias. These features are consistent with Pitt-
Rogers-Danks syndrome or Wolf-Hirschhorn syndrome with
clinical variations. The mother was suspected to be a carrier of
a cryptic translocation, but she refused to have cytogenetic
analysis. G-banding and SKY analysis of other two children
showed normal results.
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Fig.1 Two example cases showing the analysis of FISH using the Multiprobe-T system (green for ptel and red for qtel), SKY (each chromosome is shown with a display color on left and
a classified color on right), and G-banding. (A) A partial metaphase of Case 2 showing normal hybridization patterns on both chromosomes 7 and additional signals (arrow) of 7ptel (green)
on the der(18). (B) A partial metaphase of Case 2 showing a normal chromosome 18 and the der(18) with deletion of 18qtel (arrow). (C) A reciprocal translocation t(7;18) (ptel;qtel) detected
by SKY in the mother of Case 2 and her normal G-banded chromosomes 7 and 18 at the level of >550 bands. (D) A partial metaphase of Case 3 showing a normal chromosome 4 and the
der(4) with 4ptel deletion (arrow). (E) A partial metaphase of Case 3 showing normal hybridization patterns on both chromosomes 12 and additional signals of 12qtel (red) on the der(4)
(arrow). (F) SKY and G-banded chromosomes 4 and 12 of Case 3, with arrow indicating the translocated segment on the der(4) visualized by SKY and a questionable banding pattern at the

level of >650 bands.

Case 4

46,XX. ish der(5)t(5;20)(ptel;ptel), representing a deletion
of 5ptel and a partial trisomy of 20ptel. The small segment
translocated onto the derivative 5 was also identified by SKY to
be originating from chromosome 20. The patient was an 18-
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month-old girl, born to a 31-year-old mother through donor
insemination. She presented with developmental delay and
grossly dysmorphic features, including cleft lip and palate, flat
occiput, and very long and narrow fingers. She also had tetral-
ogy of Fallot, patent ductus arteriosus, motor and speech delay,
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Fig.2 A metaphase of Case 5 showing deletion of 1ptel (arrow) detected by FISH using
the Multiprobe-T system and normal G-banded chromosomes 1 at the level of >850
bands.

jerky movements, and possible seizures. SKY showed a normal
result in the mother. The sperm donor was not available for
analysis.

Cases 5 and 6

46,XX. ish del(1)(ptel). Both had a de novo deletion in the
subtelomeric region of 1p. Upon review of the G-banded
karyotypes after FISH analysis, the deletion was not detectable
in Case 5 but was questionable in Case 6 with G-banding at the
level of 850 bands. Case 5 was 9 years old, and Case 6 was 5
years of age. Both had significant developmental delay,
brachycephaly, hypotonia, severe speech delay, short stature,
and a history of severe intrauterine growth retardation with a
birth weight below the 5th centile. Case 5 had a head circum-
ference on the 3rd centile when evaluated at 3 years. Similarly,
the head circumference of Case 6 was on the 2nd centile at 4
years of age. Both patients also had a broad-based gait. These
features are consistent in general with the phenotype described
for patients with a 1p36 deletion.?

Cases 7 to 14

ish del(2)(qtel)(DD2S2986-). The 2qtel deletion detected by
the Multiprobe-T system was re-examined by FISH with the
Vysis probe (VIJ yRM2112). In all the cases, FISH with the
Vysis probe showed signals in both chromosomes 2. However,
it was observed in one research site (London, ON) that the
2qtel signals on one chromosome 2 were much weaker than
those on the other. Parental and family studies did not show a
paternal or maternal transmission pattern suggestive of an im-
printing locus. Family studies were completed for six cases.
Three families had multiple members with mental retardation
or learning disabilities. In these families, segregation of the
del(2)(qtel) did not correlate with the phenotypes of the family
members, i.e., some individuals with a del(2)(qtel) were phe-
notypically normal, while some individuals lacking a del(2qtel)
had mental retardation or learning disabilities. In three other
families, the del(2)(qtel) was inherited from a phenotypically
normal parent. The clinical features of the probands were ex-
tremely variable. For example, one patient had mild retarda-
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tion, slight asymmetry of the face, and large protruding ears
without other significant dysmorphism, while the other who
inherited the del(2qtel) from a phenotypically normal father
showed profound retardation, coarse facial features, and mul-
tiple congenital anomalies.

DISCUSSION

Cases with cryptic chromosomal translocations have been
reported.*~'4 Efforts have been made to establish strategies for
screening cryptic subtelomeric rearrangements, because this
type of aberration is considered to be an important cause of
unexplained mental retardation.>®!> A FISH strategy using
multiple subtelomeric probes has been developed recently.!¢
However, by using the new FISH technique, the detection rates
have ranged from <1% to as high as 23% of the patients stud-
ied.'8-2> Variable population size and different criteria used for
selecting patients have been considered to be the explanation
for the different estimates.?® Three previous studies have in-
cluded a large number of patients.'®22:27 Knight et al.'8 studied
284 patients with moderate to severe idiopathic mental retar-
dation and 182 patients with mild mental disability. The fre-
quency of subtelomeric aberrations was estimated to be 7.4%
in the first group and only 0.5% in the second. In a similar
study, Vorsanova et al.22 found subtelomeric abnormalities in
8 0f 209 patients (3.8%) with mild to severe mental retardation
and congenital anomalies. Ballif et al.?” recently reported their
detection of clinically significant subtelomeric alterations in
2.6% of cases with apparently normal karyotypes. However,
the cases included in the report were submitted for a variety of
clinical reasons instead of being selected for mental retarda-
tion. In our study, subtelomeric alterations were detected in
10% of the patients. When the deletion of 2qtel is excluded, the
detection rate of clinically relevant abnormalities is 4%, which
is quite similar to the reports described above.

A polymorphism at the 2q telomere was first identified by
Macina et al.?® Deletion of 2qtel has been reported in study
populations with a frequency ranging from 1.5% to 8.2%.19:23-
25,27 When all the data are considered, the average prevalence of
the 2qtel deletion is approximately 5%. In our study, 6% of the
patients had the 2qtel deletion, and segregation analysis of the
2qtel deletion in relevant family members showed no correla-
tion with mental retardation and other phenotypic anomalies.
Our observations support the conclusion that the deletion of
the locus D2S2986 in the 2qtel region detected by the current
Cytocell Multiprobe-T system is a common variant. When a
2qtel deletion is detected, however, it is important to test the
deletion by FISH using a second probe, such as the one from
Vysis, and to test the parents to determine its inheritance.
Without further studies, a clinically significant distal 2q dele-
tion could be misinterpreted as a polymorphism or normal
variant.

This report in combination with the other previously re-
ported large study?? indicates that clinically significant subte-
lomeric aberrations are present in 3% to 5% of patients with
unexplained mental retardation or developmental delay with
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dysmorphic features. This frequency is lower than that re-
ported by Knight et al.'® in an earlier large study. However, all
these studies have clearly shown that FISH with multiple sub-
telomeric probes is a valuable tool for a definitive diagnosis for
some patients who had undergone many other types of clinical
and genetic tests without a clear answer for their developmen-
tal problems.

It appears that a large proportion of subtelomeric aberra-
tions are inherited from familial cryptic translocations.!82”
However, these families may not have a history of recurrent
miscarriages or stillbirths due to small material size of rear-
rangement, for example, the Cases 1 and 2 in this study. For
such families, the detection of a subtelomeric aberration in an
abnormal child is the only means of identifying a carrier parent
and enabling prenatal diagnosis for future pregnancies. This
method also allows determination of the carrier status for the
cryptic rearrangement in other family members.

In a previous study, we estimated the sensitivity of SKY to be
within the range of 1 to 2 Mb in detecting interchromosomal
rearrangements.2® In the current study, we also performed SKY
analysis for the four cases with unbalanced rearrangements. In
each case, SKY was successfully used to visualize the submicro-
scopic rearrangement, as well as the full cryptic translocation
in the parent when available for analysis. Based on the level of
resolution of chromosome banding and the sensitivity of SKY,
it is estimated that the small segments involved in these cryptic
translocations are in the range of 1 to 3 Mb in size (assuming 5
Mb/band at the level of 600 bands and rearrangement of a half
band may not be visible with G-banding but detectable by
SKY).

This and three other large studies!®2227 have shown that in
3% to 7% of patients subtelomeric aberrations can be the cause
of unexplained moderate to severe mental retardation or de-
velopmental delay with dysmorphism. Therefore, we consider
FISH with multiple subtelomeric probes to be a valuable diag-
nostic tool that should be implemented in all clinical cytoge-
netics laboratories. Our study has also demonstrated the sen-
sitivity of SKY in detecting submicroscopic rearrangements
and its utility in family studies. Although subtelomeric dele-
tions are not detectable, SKY may pick up other submicro-
scopic interchromosomal rearrangements such as insertions
throughout the genome. Finally, we also stress the importance
of using specific clinical criteria to select appropriate patients
for these new techniques to be best used as diagnostic tools.3°
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